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(54) Title: PRODUCTION OF CHIMERIC ANTIBODIES - A COMBINATORIAL APPROACH 



(57) Abstract 

Methods are disclosed which may be used for the 
production of antibodies, or antibody fragments, which 
have the same binding specificity as a parent antibody but 
which have increased human characteristics. Humanised an- 
tibodies may be obtained by chain shuffling, perhaps using 
phage display technology. In one embodiment, a polypep- 
tide comprising a heavy or light chain variable domain of a 
non-human antibody specific for an antigen of interest is 
combined with a repertoire of human complementary (light 
or heavy) chain variable domains. Hybrid pairings which 
are specific for the antigen of interest are selected. Human 
chains from the selected pairings may then be combined 
with a repertoire of human complementary variable do- 
mains (heavy or light) and humanised antibody polypeptide 
dimers can then be selected for binding specificity for anti- 
gen. The methods may be combined with CDR-imprinting. 
In another embodiment, component part of an antigen- 
binding site of a non-human antibody known to bind a par- 
ticular antigen is combined with a repertoire of component 
parts of an antigen-binding site of human antibody, forming 
a library of antibody polypeptide dimers with antigen-bind- 
ing sites. Hybrids selected from this library may be used in a 
second humanising shuffling step, or may already be of suf- 
ficient human character to be of value, perhaps after some 
modification to increase human character still further. 
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PRODUCTION OF CHIMERIC ANTIBODIES - A COMBINATORIAL -APPROACH 

The present invention relates to the production of 



5 characteristics over a parent antibody specific for the 
same antigen. 

Many rodent monoclonal antibodies have been isolated 
using hybridoma technology and utilised for in vivo 
therapeutic and diagnostic purposes in humans . For 

10 example, an early application of these mouse monoclonal 
antibodies was as targeting agents to kill or image tumours 
(F.H. Deland and D.M. Gbldenberg 1982 in J Radionuclide 
Imaging 1 ed. D. E . Kuhl pp289-297, Pergamon, Paris; R. Levy 
and R.A. Miller Ann. Rev. Med. 1983,34 ppl07-116). However, 

15 the use of such antibodies in vivo can lead to problems. 
The foreign immunoglobulins can elicit an anti -globulin . 
response (known as a human ant i -mouse antibody (HAMA) 
response) which can interfere with therapy ( R.A. Miller et 
al, 1983 Blood 62 988-995) or cause allergic or immune 

20 complex hypersensitivity (B. Ratner, 1943, Allergy, 
Anaphylaxis and Immunotherapy Williams and Wilkins, 
Baltimore ) . 

To overcome these problems, Winter and colleagues 
(GB2188638B) developed a method of humanising or 

25 "reshaping* such antibodies. The complementarity 
determining regions (CDRs) of the mouse antibody , which 
comprise the antigen combining site, are inserted into 
human framework regions thereby generating antibodies in 
which only the CDR sequences are derived from the original 

30 mouse antibody. This is the technique known as "CDR- 
grafting" or " CDR- imprint ing " . One such reshaped antibody 
CAMPATH-1 (L. Riechmann et al, 1988 Nature 332, pp323-327 
has been used successfully in the treatment of B cell 
lymphoma (G. Hale et al, 1988 Lancet 2, ppl394-1399) and 

35 vasculitis (P;w. Mathieson et al New Engl. J. Med. 1990 
323, pp250-254) and rheumatoid arthritis (V. Kyle et al 
1991 J. Rheumatol. 18, ppl737-1738 ) . This has prompted the 
humanisation of a large number of antibodies for 
therapeutic purposes directed against cancer markers, for 
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More particularly, it relates to the 
antibodies with increased human 
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example the interleukin 2 receptor (C. Queen et al, 1989 
Proc. Natl. Acad. Sci. USA, 86, ppl0029-l0033 ) ; epidermal 
growth factor receptor (CA. Kettleborough et al 1991 
Protein Eng. 4, p P 773-783; P.Carter et al 1992 Proc. Natl. 
5 Acad. Sci. USA 89, pp4285-4289) and carcinoembryonxc 
antigen ( K.Bosslet et al. Brit. J, Cancer 65, PP 234-238, 
1992). A number of antibodies directed against infectious 
viruses have also been humanised, for instance antibodies 
directed against respiratory syncytial virus ( P.R. Tempest 
10 et al, 1991 Bio/ Technology 9, PP 266-271); herpes simplex 
virus' (M.S. Co et al 1991 Proc. Natl. Acad. Sci. USA 88, 
pp2869-2873) and human immunodeficiency virus (H. Maeda et 
al 1991 Human Antibodies and Hybridomas 2, ppl24-134). 
Humanised antibodies have also been used for imaging 
15 tumours after labelling with radioisotopes (V. Hird et al, 
1991 Brit. J. Cancer 64 911-914). 

Successful reshaping depends on the rodent and human 
framework regions being structurally conserved both in the 
orientation of the beta-sheets of each domain and in the 
20 packing of the heavy and light chains together; the 
hypervariable loops making , the majority of contacts with 
antigen and the loops being supported in a similar way by 
the underlying beta-sheet framework. Although these 
conditions are likely to be true for some antibodies, the 
25 restitution of key contacts between the loops and the 
framework has proved necessary in others, and has been 
assisted by molecular modelling (Riechmann et al, 1988 
supra; Tempest et al, 1991 supra) and systematic matching 
of rodent and human framework regions to minimise 
30 differences in primary sequences (Queen et al, 1989 supra; 
Gorman et al, 1991 supra; Maeda et al supr a). Studies have 
shown that there are a number of residues in the 'Vernier' 
zone underlying the CDRs of both heavy and light chain 
variable domains, which may adjust CDR structure and fine 
35 tune to fit the antigen and thus have a strong effect on 
affinity and specificity (J.Foote and G. Winter 1992 J. 
Mol. Biol. 224 487-499). A variation of this approach is to 
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transfer the mouse CDRs onto a chimaeric human/mouse 
framework in which the buried amino acid residues are 
derived from the mouse antibody and the exposed amino acids 
are derived from homologous human frameworks (E.A. Padlan 
5 et al 1991 Mol. Immunol. 28, 485-498). 

The process of CDR grafting involves the transfer of 
the antigen binding site from a non-human (animal) antibody 
to the human antibody. In most cases all three CDRs from 
both heavy and light chains have been transplanted from the 
10 animal antibody to a single human framework. It is 
expected that it should not always be necessary to 
transplant all the CDRs, as some CDRs may not be involved 
in binding to antigen, and CDRs with different sequences 
( and the same length ) can have the same folding ( and 
.15 therefore contacts from antigen to the main chain contacts 
could be retained despite the different sequences). Indeed 
single domains (Ward et al, 1989, Nature 341,. pp. 544-546) 
or even single CDRs (R. Taub et al, 1989, J. Biol Chem 264,. 
pp. 259-265) can have antigen binding activities alone. 
20 However, whether all or only some of the CDRs are 
transplanted, the intention of CDR grafting is to 
transplant the same, or much the same antigen binding site, 
from animal to human antibodies. 

Structurally, the simplest antibody (IgG) comprises 
25 four polypeptide chains, two heavy (H) chains and two light 
(L) chains inter-connected by disulphide bonds (see figure 
1). The light chains exist in two distinct forms called 
kappa (K) and lambda (M- Each chain has a constant region 
(C) and a variable region (V). Each chain is organized 
30 into a series of domains. The light chains have two 
domains, corresponding to the C region and the other to the 
V region. The heavy chains have four domains, one 
corresponding to the V region and three domains (1,2 and 3) 
in the C region. The antibody has two arms (each arm being 
35 a Fab region), each of which has a VL and a VH region 
associated with each other. It is this pair of V regions 
(VL and VH) that differ from one antibody to another (owing 



4 

to amino acid sequence variations ) . and which together are 
responsible for recognising the antigen and providing an 
. antigen binding site CABS). In even more detail, each V 
region is made up from three complementarity determining 
5 regions (CUE) separated by four framework regions (PR). 
The CDR's are the most variable part of the variable 
regions, and they perform critical antigen binding 
function. The CDR regions are derived from many potential 
germ line sequences via a complex process involving 
10 recombination, mutation and selection. 

It has been shown that the function of binding 
antigens can be performed by fragments of a whole antibody. 
Example binding fragments are (i) the Fab fragment 
consisting of the VL, VH, CL and CHI domains; (li) the Fd 
15 fragment consisting of the VH and CHI domains; (iii) the Fv 
fragment consisting of the VL and VH domains of a single 
arm of an antibody, (iv) the dAb fragment (Ward, E.S. et 
al.. Nature 341, 544-546 (1989) which consists of a VH 
domain; (v) isolated CDR regions; and (vi) F(ab« ) 2 
20 fragments, a bivalent fragment comprising two Fab fragments 
linked by a disulphide bridge at the hinge region. 

Although the two domains of the Fv fragment are coded 
for by separate genes, it has proved possible to make a 
synthetic linker that enables them to be made as a single 
25 protein chain (known as single chain Fv (scFv); Bird, R.E. 
et al. Science 242, 423-426 (1988) Huston, J.S. et al., 
Proc. Natl. Acad. Set.. USA 85, 5879-5883 (1988)) by 
recombinant methods. 

Experience with humanisation of monoclonal antibodies 
30 has shown that these molecules can be of great value in 
therapy and diagnosis. However, there is a requirement to 
be able to monitor a number of humanised antibody 
derivative molecules to obtain one which retains or 
improves on the original characteristics of the mouse 
35 monoclonals. Further there is a requirement to generate 
such molecules by a rapid and convenient procedure. 
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TERMINOLOGY 

Much of the terminology discussed in this section has 
been mentioned in the text where appropriate, 

5 Replicable Genetic Display Package (Redo) 

This describes a biological particle which has genetic 
information providing the particle with the ability to 
replicate. The particle can display on its surface at 
least part of a polypeptide. The polypeptide can be 
10 encoded by genetic information native to the particle 
and/or artificially placed into the particle or an ancestor 
of it. The displayed polypeptide may be any member of a 
specific binding pair eg. heavy or light chain, domains 
based on an immunoglobulin molecule, an enzyme or a 
15 receptor etc. 

The particle may be a virus eg- a bacteriophage such 
as fd or M13. 

Package 

20 This describes a replicable genetic display package in 

which the particle is displaying a member of a specific 
binding pair at its surface. The package may be a 
bacteriophage which displays an antigen binding domain at 
its surface. This type of package has been called a phage 

25 antibody ( pAb ) . 

Antibody 

This describes an immunoglobulin whether natural or 
partly or wholly synthetically produced. The term also 
30 covers any protein having a binding domain which is 
homologous to an immunoglobulin binding domain. These 
proteins can be derived from natural sources, or partly or 
wholly synthetically produced. 

Example antibodies are the immunoglobulin isotypes and 
35 the Fab, F(abM 2 / scFv, Fv, dAb, Fd fragments. 
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An antibody polypeptide dimer is an association of two 
polypeptide chain components of an antibody, capable of 
binding an antigen. Thus, it may be one arm of an antibody 
consisting of a heavy chain and a light chain, it may be a 
5 Fab fragment consisting of V t , V K , C,. and C„l antibody 
" domains, an F v fragment consisting, of a V L domain and a V H 
domain, or a scFv ("single chain Fv" ) fragment consisting 
of a V t domain linked to a V K domain by a synthetic linker. 
An scFv fragment is a single polypeptide chain that falls 
10 within a definition of an "antibody polypeptide dimer" 
because it consists of two polypeptide chain components of 
an antibody, associated by means of the synthetic linker, 
and is capable of binding an antigen. 

15 Immunoglobulin Superfamilv 

This describes a family of polypeptides, the members 
of which have at least one domain with a structure related 
to that of the variable or constant domain of 
immunoglobulin molecules. The domain contains two B-sheets 

20 and usually a conserved disulphide bond ( see A . F . Williams 
and A.N. Barclay 1988 Ann. Rev Immunol. 6 381-405). 

Example members of an immunoglobulin superfamily are 
CD4, platelet derived growth factor receptor (PDGFR), 
intercellular adhesion molecule. (ICAM). Except where the 

25 context otherwise dictates, reference to immunoglobulins 
and immunoglobulin homologs in this application includes 
members of the immunoglobulin superfamily and homologs 
thereof . 

30 Homologs 

This term indicates polypeptides having the same or 
conserved residues at a corresponding position in their 
primary, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
35 homologous polypeptides. 

Example homologous peptides are the immunoglobulin 

isotypes . 
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Genetically diverse population 

In connection with antibodies or polypeptide 
components thereof, this is referring not only to diversity 
that can exist in the natural population of cells or 
5 organisms, but also diversity that can be created by 
artificial mutation in vitro or in vivo . 

Mutation in vitro may for example, involve random 
mutagenesis using oligonucleotides having random mutations 
of the sequence desired to be varied. In vivo mutagenesis 

10 may for example, use mutator strains of host microorganisms 
to harbour the DNA (see Example 38 of WO 92/01047). The 
words "unique population" may be used to denote a plurality 
Of e.g. polypeptide chains, which are not genetically 
diverse i.e. they . are all the same. A restricted 

15 population is one which is diverse but less so than the 
full repertoire of an animal. The diversity may have been 
reduced by prior selection, eg using antigen binding 
specificity. 

20 Domain 

A domain is a part of a protein that is folded within 
itself and independently of other parts of the same protein 
and independently of a complementary binding member. 

25 Folded Unit 

This is a specific combination of an alpha-helix 
and/or beta-strand and/or beta-turn structure. Domains and 
folded units contain structures that bring together amino 
acids that are not adjacent in the primary structure. 

30 

Free Form 

This describes the state of a polypeptide which is not 
displayed by a replicable genetic display package. 

35 Conditionally Defective 

This describes a gene which does . not express a 
particular polypeptide under one set of conditions, but 
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expresses it under another set of conditions. An example; 
is a gene containing an amber mutation expressed in non- 
suppressing or suppressing hosts respectively. 

Alternatively, a gene may express a protein which is 
5 defective under one set of conditions, but not under 
another set. An example is a gene with a temperature 
sensitive mutation. 

gnp prassiblg Transi tional Stop Codon 

10 This describes a codon which allows the translation of 

nucleotide sequences downstream of the codon under one set 
of conditions, but under another set of conditions 
translation ends at the codon. Example of suppressive 
translational stop codons are the amber, ochre and opal 

15 codons. 

Mutator Strain 

This is a host cell which has a genetic defect which 
causes DNA replicated within it to be mutated with respect 
20 to its parent DNA. Example mutator strains are NR9046mutD5 
and NR9046 mut Tl (See Example 38 of WO 92/01047). 

Hel per Phage 

This is a phage which is used to infect cells 
25 containing a defective phage genome and which functions to 
complement the defect. The defective phage genome can be 
a phagemid or a phage with some function encoding gene 
sequences removed. Examples of helper phages are M13K07, 
M13K07 gene III no. 3; and phage displaying or encoding a 
30 binding molecule fused to a capsid protein. 

Vector 

This is a DNA molecule, capable of replication in a 
host organism, into which a gene is inserted to construct 
35 a recombinant DNA molecule. 
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This is a vector derived by modification of a phage 
genome, containing an origin of replication for a 
bacteriophage, but not one for a plasmid.. 

5 Phaaemid Vector 

This is a vector derived by modification of a plasmid 
genome, containing an origin of replication for a 
bacteriophage as well as the plasmid origin of replication. 

10 Secreted 

This describes a rgdp or molecule that associates with 
the polypeptide displayed on the rgdp, in which the 
polypeptide and/or the molecule, have been folded and the 
package assembled externally to the cellular cytosol. 

15 

Repertoire of Rearranged Immunoglobulin Genes 

A collection of naturally occurring nucleotides eg DNA 
sequences which encoded expressed immunoglobulin genes in 
an animal* The sequences are generated by the in vivo 

20 rearrangement of eg V, D and J segments for H chains and eg 
the V and J segments for L chains. Alternatively the 
sequences may be generated from a cell line immunised in 
vitro and in which the rearrangement in response to 
immunisation occurs intracellularly . The word "repertoire" 

25 is used to indicate genetic diversity. 

Library 

A collection of nucleotide eg DNA, sequences within 
clones; or a genetically diverse collection of 
30 polypeptides, or specific binding pair members, or 
polypeptides or sbp members displayed on rgdps capable of 
selection or screening to provide an individual polypeptide 
or sbp members or a mixed population of polypeptides or sbp 
members . 



35 



Repertoire of Artificially Rearranged Immunoglobulin Genes 
A collection of nucleotide eg DNA, sequences derived 
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wholly or partly from a source other than the rearranged 
immunoglobulin sequences from an animal. This may include 
for example, DNA sequences encoding VH domains by combining 
prearranged V segments with D and J segments and DNA 
5 sequences encoding VL domains by combining V and J 
segments. 

Part or all of the DNA sequences may be derived by 
oligonucleotide synthesis. 

10 sp-oretorv Leader Peptide 

This is a sequence of amino acids joined to the N- 
terminal end of a polypeptide and which directs movement of 
the polypeptide out of the cytosol . 

15 Eluant 

This is a solution used to breakdown the linkage 
between two molecules. The linkage can be a non-covalent 
or covalent bond(s). The two molecules can be members of 
a sbp. 

20 

Derivative 

This is a substance which derived from a polypeptide 
which is encoded by the DNA within a selected rgdp. The 
derivative polypeptide may differ from the encoded 

25 polypeptide by the addition, deletion, substitution or 
insertion of amino acids, or by the linkage of other 
molecules to the encoded polypetide. These changes may be 
made at the nucleotide or protein level. For example the 
encoded polypeptide may be a Fab fragment which is then 

30 linked to an Fc tail from another source. Alternatively 
markers such as enzymes, flouresceins etc may be linked to 
eg Fab, scFv fragments. 

According to one aspect of the present invention there 
is provided a method of producing antibody polypeptide 

35 dimers specific for an antigen of interest, the method 
having the following steps: 

(i) providing nucleic acid expression vectors which 
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are capable of being packaged using a component of a 
replicable genetic display package (rgdp); 

(ii) combining (a) a genetically diverse repertoire 
of nucleic acid sequences which each encode a first 

5 component part of an antigen-binding site of a human 
antibody with (b) nucleic acid which encodes a unique or 
genetically diverse population of a second component part 
of an antigen-binding site of a non-human antibody known to 
•bind said antigen of interest, to form a library of nucleic 

10 acid sequences on said expression vectors encoding antibody 
polypeptide dimers, which dimers each consist of a first 
polypeptide chain component and a second polypeptide chain 
component, a first antigen-binding site component part and 
a second antigen-binding site component part in combination 

15 forming an antigen-binding site of an antibody polypeptide 
dimer; 

(iii) expressing said library from said vectors in 
recombinant host organism cells, each of the said first 
polypeptide chain components being expressed as a fusion 

20 with a component of an rgdp which thereby displays said 
first polypeptide chain component at the surf ace of rgdps; 

(iv) selecting from said expressed library by binding 
with antigen a unique or restricted population of said 
antibody polypeptide dimers which have binding specificity 

25 for said antigen of interest, each selected antibody 
polypeptide dimer being associated in its respective rgdp 
with nucleic acid encoding a said first component part of 
the antigen-binding site thereof. 

Antibody polypeptide dimers are defined elsewhere in 

30 the text. The term is broad enough to encompass Fab, Fv 
and scFv fragments of antibodies as well as a complete arm 
of anantibody. 

A "component part of an antibody antigen-binding site" 
may be or correspond to a polypeptide chain component, eg 

35 a VH or a VL domain. However, it may be a CDR, or a VL 
sequence plus CDR of a VH, a VH sequence plus CDR of a VL, 
a VH plus VL sequence lacking only a CDR, and so on. The 
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proviso is that the first and second component parts of an 
antigen-binding site of an antibody must in combination 
(together) form an antigen-binding site. Thus, if the 
second component part of an antigen-binding site of a non- 
human antibody specific for an antigen of interest is a 
CDR, then the first component part of an antigen-binding 
site of a human antibody will comprise the remainder of a 
VH and VL region required to form a antigen-binding site 
(with or without associated antibody constant domains (in 
a Fab format), or with or without a linker peptide sequence 
(in a Fv format). (In a scFv format a linker peptide links 
a light chain domain to a heavy chain domain. ) The second 
component part of an antigen-binding site of a non-human 
antibody may comprise a VL domain plus part of a VH domain, 
15 that part being one or more CDRs,for instance, perhaps 
CDR3. In such case, the first component part of an 
antigen-binding site of a human antibody would comprise the 
remainder of a VH sequence which in combination with the 
second component part forms an antigen-binding site. Of 
20 course, the converse situation holds and the person skilled 
in the art will be able to envisage other combinations Of 
first and second component parts which together form an 
antigen-binding site. 

There may be an additional step (v) wherein antibody 
25 polypeptide dimers selected in step (iv) are modified to 
remove or reduce non-human characteristics. This 
modification may be by genetically altering the dimers or 
a component thereof. This genetic alteration may be 
mutation, point mutation, insertion or deletion, for 
30 instance, specifically to remove or mask non-human 
residues, particularly those residues which might invoke an 
anti-idiotypic immune response upon administration of the 
non-human/human hybrid antibody polypeptide dimers to a 
human. 

35 The modification of step (v) may comprise: 

(a) combining a unique or restricted population of 
nucleic acid encoding said first antigen-binding site 
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component parts selected in step (iv) with a genetically 
diverse repertoire of nucleic acid sequences each encoding 
a second component part of an antigen-binding site of human 
antibody, to form a second library of nucleic acid 
5 sequences encoding antibody polypeptide dimers, each 
antibody polypeptide dimer comprising a second antibody 
' polypeptide chain component which is expressed from nucleic 
acid which is capable of being packaged using a component 
of an rgdp, .said second chain component being expressed as 
10 a fusion with a component of an rgdp which thereby display 
it at the surface of rgdps, so that antibody polypeptide 
dimers specific for said antigen of interest , are 
selectable from said second library by binding with said 
antigen of interest, each antibody polypeptide dimer being 
15 associated in its rgdp with nucleic acid encoding a second 
polypeptide component thereof. 

Selected antibody polypeptide dimers may be expressed 
as soluble polypeptides or in free form. 

As explained, said second component part of an 
20 antigen-binding site of a non-human antibody may be an 
antibody region which makes contact with antigen, that 
region perhaps being a complementarity determining region 
(CDR ) . 

Said second component part of an antigen-binding site 
25 of a non-human antibody may be a second polypeptide chain 
component of an antibody. 

The sequence encoding each said second component part 
of non-human antibody may be genetically altered to 
increase its homology to a second component part of a human 
30 antibody prior to said combination in step ( ii ) of the 
method. 

Each antibody polypeptide dimer of any of said 
libraries of antibody polypeptide dimers may be expressed 
as a single polypeptide chain, which could be a scFv 
35 fragment (preferably). An scFv fragment meets the 
requirements of the definition of an antibody polypeptide 
dimer. 
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• On the other hand, each antibody polypeptide dimer Of 
any of said libraries of antibody polypeptide dimers may be 
expressed as two polypeptide chains, preferably as a Fv or 
a Fab fragment, but also perhaps as polypeptides with 
additional, non-antibody domains which will interact, 
either covalently or non-covalently, to hold the variable 
domains in a conformation which allows them to form an 
antigen-binding site. 

According to an aspect of the present invention there 
is provided a method of producing human antibody 
polypeptide dimers specific for an antigen of interest, 
comprising 

(i) combining a diverse population of polypeptides 
each comprising a variable domain of a first polypeptide 

15 chain of a human antibody (population A) with a unique or 
restricted population of polypeptides each comprising a 
variable domain of a second polypeptide chain of a non- 
human antibody specific for said antigen (population B), 
thereby forming a library of antibody polypeptide dimers 

20 each consisting of a polypeptide which comprises a variable 
domain of a first polypeptide chain of a human antibody and 
a polypeptide which comprises a variable domain of a 
second polypeptide chain of a non-human antibody; 

(ii) selecting from said library a unique or 
25 restricted population of said antibody polypeptide dimers 

which have binding specificity for said antigen (population 
C); 

(iii) combining a unique or restricted population of 
polypeptides derived from polypeptide dimers selected in 

30 step (ii) each comprising a human first polypeptide chain 
(population D) with a diverse population of polypeptides 
each comprising a variable domain of a second polypeptide 
chain of a human antibody ( population E ) , thereby forming 
a library of human antibody polypeptide chain dimers from 

35 which a unique or restricted population of human antibody 
polypeptide dimers specific for said antigen (population F) 
are selectable. 
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In a preferred embodiment of this aspect; 

(a) said polypeptides of population A are each 
expressed from a vector ( X ) in recombinant host organism 
cells as a fusion with a component of a replicable genetic 

5 display package (rgdp) which thereby displays said 
polypeptide at the surface of rgdps in a first population 
of rgdps ; 

(b) nucleic acid of said vector (X) is capable of 
being packaged using said rgdp component , whereby the 

10 genetic material of each said rgdp encodes a said 
polypeptide of population A, so that the antibody 
polypeptide dimers of population C are each associated in 
their respective rgdp with nucleic acid encoding a 
polypeptide comprising a variable domain of a first 

15 polypeptide chain of a human antibody; 

(c) each of said polypeptides of population E is 
expressed from a vector (Y) in recombinant host organism 
cells as a fusion with a component of a rgdp which thereby 
displays it at the surface of rgdps in a second population 

20 of rgdps ; and 

(d) nucleic acid of said vector (Y) is capable of 
being packaged using said rgdp component, whereby the 
genetic material- of each said rgdp in the second population 
of rgdps encodes a said polypeptide of population E. 

25 Said population A may be expressed from the same 

vector as said population B, or these populations may be 
not expressed from the same vector. Said population D may 
be expressed from the same vector as said population E, or 
these populations D and E may be not expressed from the 

30 same vector* In other words, the method might be in a dual 
combinatorial format or not, perhaps being in a 
hierarchical format, as discussed elsewhere, amongst other 
possibilities . 

Each antibody polypeptide dimer of any of said 

35 libraries of antibody polypeptide dimers may. be expressed 
as a single polypeptide chain, which may be a scFv 
fragment. 
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Each antibody polypeptide dimer of any of said 
libraries of antibody polypeptide dimers may be expressed 
as two polypeptide chains, preferably a Fv or Fab fragment, 
as discussed already above in the context of another aspect 
5 of the present invention. 

Polypeptides of said population B may be chimaeric, 
each comprising a human antibody constant domain (along 
with a non-human, eg- rodent, variable domain). 

The polypeptides of said population E may each 
10 comprise a region from a non-human antibody specific for 
said antigen, which region is one which makes contact with 
antigen, such as a complementarity determining region 
(CDR), particularly CDR3. 

Said first polypeptide chain may be antibody light 
15 chain, said second polypeptide chain being antibody heavy 
chain, or vice versa. 

There may be an additional step of selecting said 
population F of human antibody polypeptide dimers specific 
for said antigen. 
20 Any one of said populations C and F may be selected by 

binding with said antigen. 

The present invention also encompasses kits comprising 
vectors and reagents for use in any of the methods. It 
further extends to libraries and antibodies or antibody 
25 fragments produced by any of the methods. Also encompassed 
by the present invention is a method wherein nucleic acid 
encoding any selected polypeptide components of an antibody 
polypeptide dimer, or encoding a selected antibody 
polypeptide dimer, is used to express said polypeptide 
30 component or polypeptide dimer or a derivative thereof in 
a recombinant host organism. Any polypeptide or dimer from 
a library produced using a method according to the present 
invention may be modified to produce a derivative thereof, 
or used to prepare a therapeutic or prophylactic medicament 
35 or a diagnostic product . 

Demonstrated here are new methods of making 
antibodies, by utilising sequences from the antigen binding 
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site of an antibody or population of antibodies directed 
against an antigen of interest. This offers another means 
of humanising animal antibodies with defined antigen 
binding activities. Thus for a single rodent antibody, 
5 sequences comprising part of the antigen binding site of 
the antibody may be combined with diverse repertoires of 
sequences of human antibodies that can in combination 
create a complete antigen binding site. The original 
rodent (and human) sequences could comprise entire chains 

10 or parts of chains. For example the light chain of a 
rodent antibody could be combined with a repertoire of 
human heavy chain variable domains; or the third CDR of the 
heavy chain of a rodent antibody could be combined with a 
repertoire of human. heavy chains encoding the rest of the 

15 heavy chain variable domains and a repertoire of human 
light chain variable domains. The antigen binding sites 
comprising these sequences are then selected for binding to 
antigen. 

The sequences comprising a component part of the 

20 antigen binding site could be a portion of primary seguence 
generally thought to be involved in antigen binding, for 
example a CDR or CDRs, or the residues at the tip of the 
loop of (a) CDR(s). Alternatively, the sequences could be 
sequences of the antibody that are known to contact the 

25 antigen, as determined for example from the structure of a 
complex of antigen and antibody solved by X-ray 
crystallography or NMR, or as determined from site directed 
mutagenesis of the antibody. 

The antigen binding sites created by this process 

30 differ from those created by CDR grafting, in that only the 
portion of sequence of the original rodent antibody is 
likely to make contacts with antigen in a similar manner. 
The selected human sequences are- likely to differ in 
sequence and make alternative contacts with the antigen 

35 from those of the original binding site. _ However, the 
constraints imposed by binding of the portion of original 
sequence to antigen and the shapes of the antigen and its 
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antigen binding sites, are likely to drive the new contacts 
of the human sequences to the same region or epitope of the 
antigen. We have therefore termed the process "epitope 
imprinted selection" (EIS). 

Starting with an animal antibody, one process results 
in the selection of antibodies that are partly human 
antibodies. Such antibodies may be sufficiently similar in 
sequence to human antibodies to be used directly in therapy 
or after alteration of a few key residues. For example, 
antibodies created with human heavy and light chain 
variable domains that also comprise the VH-CDR3 region from 
a rodent antibody will closely resemble genuine human 
antibodies as the CDR3 region of both human and rodent 
antibodies is highly variable. Likewise the light chains 
of some rodent antibodies are very similar in sequence to 
the light, chains of human anitbodies. Thus antibodies 
created from these rodent light chains in combination with 
a repertoire of human heavy chains may closely resemble 
human antibodies. Sequence differences between the rodent 
component of the selected antibody with human sequences 
could be minimised by replacing those residues that differ 
with the residues of human sequences, for example, by site 
directed mutagenesis of individual residues, or by CDR 
grafting of entire loops. Instead of starting with an 
animal antibody, it should also be possible to start with 
an genetically engineered antibody derived from an animal 
antibody. The starting engineered antibody might for 
example be a CDR grafted antibody with human framework 
regions and mouse complementarity regions (as described in 
GB2188638B, for instance). Alternatively the starting 
engineered antibody could comprise heavy or light chains in 
which residues had been altered to maximise sequence 
homology with human antibodies. 

However, the invention may also be used to create 
antibodies with entirely human sequences. For example, 
starting with a partly human antibody with human heavy 
chain non-human, e.g. mouse, light chain, the non-human 
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light chain could be replaced by repertoires of human light 
chains. In this way, the sequences of ' the selected 
antibodies will, be entirely human and yet the antigen 
binding site should be directed, towards the same epitope of 
5 the antigen. EIS therefore offers a method for making 
partly human or entirely human antibodies that bind to the 
same epitope as animal or partly human antibodies 
respectively. 

In CDR grafting the entire antigen binding site is 
10 transplanted, and it is usually necessary to test only one 
or a few antibodies for binding to antigen. However, EIS 
may use only part of the antigen binding site in 
- combination with a, perhaps very large, repertoire of human 
sequences, when there is a requirement for the screening of 
15 a much larger number of antibodies. Indeed in a preferred 
embodiment, repertoires of antibody fragments are displayed 
on the surface of filamentous phage and the genes encoding 
fragments with antigen binding activities are selected by 
binding of the phage to antigen. It was disclosed in 
20 patent application WO 92/01047 that antibody fragments can 
be displayed on phage and that they will bind antigen and 
that they can be selected. The ability to select 
antibodies provided by the use of display on phage as 
described in WO 92/01047 allows the rapid screening of 
25 large numbers of humanised antibody derivatives which can 
be generated using insertion of CDRs at restriction sites 
or in vitro mutagenesis techniques (Riechmann et al, 1988 
supra; Patent GB2188638B) or using PCR technology (B.L. 
Daugherty et al 1991 Nucl. Acids Res. 19, pp2471-2476 ) . In 
30 the application W0 92/01047, the generation of 
hierarchical libraries was described in which one antibody 
heavy or light chain variable domain was kept constant and 
displayed on phage with a library of the complementary 
chain variable domain for the selection of partners that 
35 bind to antigen. Such an approach generates a highly 
diverse pool of heavy and light chain variable domain 
combinations from which antibody specificities can be 



PCT/GB92/01755 

WO 93/06213 

20 

selected. Chain shuffling has been applied, for example, 
to obtaining further light chain and heavy chain partners 
for the complementary chain of a hapten binding antibody 
(Clacxson et al, 1991, Nature, 352, 624-628) and to build 
5 high affinity human antibodies (J.D. Marks et al, 1992 
Bio/Technology 10, 779-783). In these cases, the new 
"partner chains were highly related in sequence to those 
chains seen in the original combination. 

in these examples, chains of different species were 
10 not combined. However, there is a report of an attempt to 
shuffle the heavy chains of a mouse antibody directed 
against a hapten with a repertoire of human light chaxns 
(and also with a repertoire of mouse light chains), and 
screening for binding of individual clones to antigen usxng 
15 nitrocellulose filters. However, no binders were detected, 
nor was the process proposed as a means to "humanise" mouse 
antibodies (A.S. Kang et al, Proc. Natl. Acad. Sci. USA 
1991, 88, 11120-11123). The authors concluded that the 
"redesign of antibodies through recombination of a 
20 somatically mutated chain with a naive partner may be a 
difficult process". The use of EIS (as illustrated by 
chain shuffling using chains from different species) 
therefore appears to be a novel concept. Furthermore, xn 
view of the example from Kang et al, 1991 supra, it is 
25 surprising that antigen binding combinations can be 
produced by combining the chains from a mouse antibody with 
repertoires of chains from uniromunised human sources (as 
described in Example 1 below). 

There are a wide range of formats for use of methods 
30 according to the present invention. For example: 

(1) the use of Fv, single chain Fv and Fab fragments is 
favoured for expression in bacteria or display on 
filamentous phage (for Fab fragments see Examples 1 and 2; 
for scFv see Examples 3 and 4). Most preferably, the 
35 antibody fragments are displayed on filamentous phage, and 
the phages selected directly to binding to antigen. The 
antibodies selected by these procedures may be used 
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directly, or fused with further coding sequences, for 
example with human constant regions to generate antibody 
molecules with human effector functions. The variable 
domains could also be fused to sequences encoding an enzyme 
5 or a toxin molecule to allow antibody directed targeting of 
drugs or toxins to particular cell types. 

(2) The repertoires of human chains may be readily 
provided from any of several possible repertoires of V- 
genes, for example from the rearranged V-genes of 

10 unimmunised humans (Marks et al, 1991, J. Mol. Biol., 222, 
pp581-597; and Example 1), or from immunised humans, or 
from synthetic V-gene repertoires. For instance, libraries 
of human germ line heavy and light chain V-genes may be 
generated with synthetic CDR3 regions incorporating human 

15 J regions and antibody specificities isolated (Hoogenboom 
and Winter, 1992, J. Mol Biol., 227, pp381-388). 
Furthermore, it may be possible to use repertoires of human 
V-genes ( for example made synthetically ) which are closely 
related in sequence (perhaps the most homologous) to each 

20 of the chains of a mouse antibody. (See Example 5). 

(3) The heavy and light chains of the original antibody 
may be provided by their encoding v-genes (isolated for 
example by PCR, Orlandi et al. , 1989) (Examples 1, 2 and 

3) However, it is also possible to start with a repertoire 
25 of mouse chains, preferably raised by immunisation (Example 

4) . For example, a repertoire of mouse heavy chains could 
be combined with mouse light., chains and selected for 
binding (as in Clackson et al.,1991 supra): the selected 
repertoires of paired chains could then be recombined with 

30 repertoires of complementary human chains to force new 
pairings. Alternatively, the repertoire of mouse chains 
from the mRNA of an immunised mouse could simply be 
combined with a repertoire of complementary human chains. 

(4) It is possible to use entire heavy and light chain 
35 variable domains, as in "chain shuffling" methods or 

component parts of the chains, for example as in Marks et 
al, 1992 supra, by retaining the light chain and CDR3 of 
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the' heavy chain of an antibody (and shuffling this sequence 
with a repertoire of chains comprising the remainder of the 
heavy chain variable domain CDRs 1 and 2). One embodiment 
of the present invention, illustrated by examples 2 and 3, 
5 involves retaining at least one region from the original 
parent non-human antibody, which region contacts antigen, 
when shuffling with human chains, or component parts of 
human antibody antigen-binding site. This region may be a 
CDR, in which case the procedure is " CDR- imprinted 

10 selection" . 

indeed, in examples 2 and 3, the CDR3 of the original 
mouse heavy chain was retained, and combined with a 
repertoire of human heavy chain variable domains by PCR 
amplification of a repertoire of human heavy chain variable 

15 domains with a primer incorporating the mouse CDR3. The 
retention of mouse VH-CDR3 may be particularly advantageous 
in that CDR3 of the heavy chain is often most important for 

antigen binding. 

This principle could be extended to a mouse CDR3 
repertoire by amplifying the rearranged mouse VH genes with 
human JH primers (forward primers) and human VH framework 
3 primers (backward primers). These primers would have to 
be designed with homology to both mouse and human V-genes. 
The amplified DNA repertoire of mouse CDR3s could then be 
25 assembled by PCR with a repertoire of human heavy chain 
genes . 

(5) The chain shuffling could be performed using two 
replicons, for example using a dual combinatorial procedure 
as described in Hoogenboom et al, 1991 Nucleic Acids 

30 Research, 19, P p4133-4137, in which the chain which is to be 
kept constant is cloned in one replicon, for instance a 
phage, and then combined with a repertoire of chains in 
another replicon, for instance a plasmid, as illustrated in 
Example 1- Alternative methods enabling both chains to be 

35 cloned on the same replicon with high efficiency have also 
been devised. These again rely on cloning heavy and light 
chain genes on separate replicons, but this time with the 
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aim of promoting recombination between two vectors so that 
both chains are placed on the same replicon. An example 
system is based on the lox P/Cre recombinase system of 
coliphage PI (Hoess and Abremski, 1990, in "Nucleic acids 
5 and Molecular Biology" , Eckstein and Liliey, eds. Vol 4, 
pp99-109, Springer-Verlag, Berlin, Heidelberg).,. . For the 
dual combinatorial procedure the antibody may be expressed 
as a Fv fragment or as a Fab fragment (as in Example 1)^ 
In the case of a Fab fragment , the VH1CH1 portion of the 

10 heavy chain is expressed on one replicon, eg- phage, and 
the light chain on the other, eg. plasmid. The V domains 
of the Fab fragment to be used in the shuffling procedures, 
as a source of new specificities may optionally be fused to 
cloned human domains eg. Cyl and Ck domains. (The V- 

15 domains can also be fused directly to the CHI, Ck or CX 
domains by amplifying directly from the human antibody mRNA 
repertoire. ) 

Alternatively, the chain shuffling can be performed in 
a single replicon using a PCR assembly process as in 

20 Clackson et al, 1991, supra, or by sequential cloning of 
libraries of restriction fragments at appropriate sites 
which have been incorporated into the original constructs, 
for instance into the linker region of a single chain Fv. 
The present invention encompasses the replacement of 

25 both chains by two shuffle steps and in one embodiment to 
the development of a human antibody with similar or 
improved characteristics to a non-human, eg. rodent, 
antibody. In this embodiment, the parent eg rodent 
antibody would be made into a "phage antibody". A phage 

30 antibody (pAb) is defined as a bacteriophage virus particle 
which displays at its surface an antibody, an antibody 
derivative or fragment, such as Fab, Fv, scFv etc, or a 
domain homologous to an immunoglobulin domain: see WO 
92/01047. One chain would be replaced with a repertoire of 

35 chains derived from a human immunoglobulin repertoire, for 
example from an adult lymphocyte population or from fetal 
or artificially derived sources. This mixed population of 
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phage can be selected by binding to antigen to derive a 
population of phage antibodies that bind to the original 
antigen but now consists of one (eg) rodent and one human 
antibody chain. The remaining rodent chain can be replaced 
5 by a repertoire of similar chains derived from a human 
repertoire, either the same or a different source as was 
• used in the initial shuffle. After selection a population 
of antibodies is obtained which still binds antigen, a 
population consisting of antibodies containing two human 
10 antibody chains. Thus the original rodent antibody has been 
converted into a human antibody that binds the same 
antigen. 

The generation of a large number of humanised 
antibodies by methods according to the present invention 
15 may have advantages beyond allowing selection of antibodies 
of desired affinity and specificity. When humanised 
antibodies are used in humans in therapy it is possible 
that there may be an anti-idiotype response. The antibodies 
isolated may be surveyed for anti-idiotype response when 
20 administered in vivo and those with the lowest response 
selected. Alternatively, one antibody may be administered 
therapeutically until an anti-idiotype response is detected 
at which time the antibody used is switched to a second, 
equally effective antibody with a different idiotype. 

25 Humanised antibodies which may be obtained using the 

present invention are likely to be better than conventional 
CDR-grafted humanised antibodies, in the sense that they 
will be less likely to invoke an anti-idiotypic response. 
The antibodies selected by the procedures of the 

30 present invention may be used directly in the single chain 
Fv or Fab format. Alternatively , the variable domains may 
be fused with further coding sequences, for example with 
human constant regions to generate antibody molecules with, 
for example, human effector functions. The variable domains 

35 could be fused to sequences encoding an enzyme or a toxin 
molecule to allow antibody directed targeting of drugs or 
toxins to particular cell types (although if these 
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molecules are not of human origin some of the advantages of 
humanising are lost ) . 

Although the isolation of antibodies by selection for 
binding to antigen may be performed using phage display at 
5 each stage, where chain shuffling is performed by PCR 
assembly or insertion of restriction fragments , 
particularly when the numbers have been reduced the 
antibodies may be screened for antigen binding using a 
filter assay (A. Skerra et al 1991 Anal Biochem 196 

10 151-155; M„ L. Dreher et al 1991 J. Immunol Methods 139 
197-205 ; PCT/GB90/01476 ) . These procedures will be 
effective with a relatively small number of clones compared 
with the number which can be handled using phage display ... 
Aspects and embodiments of the present invention will 

15 now be explained further by means of the following 
examples. These are intended to illustrate the invention 
without limitation. In addition to the documents mentioned 
throughout the text, attention is drawn to WO 92/01047 
wherein many of the materials and methods used here were 

20 described. The disclosure of WO 92/01047 is herein 
incorporated by reference. Readers of the present document 
are urged to consult WO 92/01047 for further details and 
explanation of functional display of antibodies and 
antibody fragments, including antibody polypeptide dimers, 

25 on the surface of rgdps. Throughout the text there are 
references to figures, wherein: 

Figure 1 shows the principle of Epitope Imprinted 
Selection . 

Figure 2 shows the polylinker region of vector pUCl9- 
30 pelB-myc. (SEQ.ID NO: 126) 

Figure 3 shows results of ELISA of phage displaying 
Fab fragments, with one chain displayed on phage as a g3p 
fusion (indicated by fd-...), and the other chain provided 
as a secreted, soluble chain partner. 
35 Figure 4 shows a specificity ELISA of the original 

Mab32 antibody and a range of mouse (scFv-Mab32) and human 
(other scFv) antibodies- 
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Figure 5 shows nucleotide and deduced amino-acid 
sequences of the V-genes of Mab32. The CDR-regions are in 
bold. (Heavy chain nucleotides SEQ ID NO: 2; Light chain 
amino acids SEQ ID NO: 3; Light chain nucleotides SEQ ID 
5 N0:4). 

Figure 6 shows the deduced protein sequences of V H and 
V t antibody genes of antibody fragments binding to human 
TNF. 

(Light chains: Mab32 SEQ ID NO: 110; VM-l-l SEQ ID 
10 NO: 111; VkhZ SEQ ID NO: 112; VKC4 SEQ ID NO: 113; VXD1 SEQ ID 
NO: 114. Heavy chains: Mab32 SEQ ID NO: 115; DP-51 SEQ ID 
N0:116; VHP1 SEQ ID NO: 117; VHP2 SEQ ID NO: 133; VHP3 SEQ ID 
NO:134; DP-46 SEQ ID NO: 118; VHLM2 SEQ ID NO: 135; VHLM8 SEQ 
ID N0:141). 

15 Figure 7 shows the results of a competition ELISA 

between FabMab32 and single chain Fv fragments. 

Figure 8 shows an example of a scheme for humanising 
a mouse antibody using CDR imprinted selection using a dual 
combinatorial method. 

20 Figure 9 shows an example of a scheme for humanising 

a mouse antibody using CDR imprinted selection using 
combinatorial libraries in a single replicon, single chain 
Fv format. 

Figure 10 shows relative ELISA signals obtained with 
25 scFv fragments selected by CDR imprinted selection compared 

to the original F58 single chain Fv fragment. 

Figure 11 shows the deduced amino acid sequences of 

the selected heavy chains Graft/27, Graft/2, Graft/H3 and 

Graft/H9 in comparison to the original F58 heavy chain and 
30 to the most closely related human germ line VH genes. 

(VH6: F58 SEQ ID NO: 127; DP-74 SEQ ID NO: 128; Graft /27 SEQ 

ID NO: 136; Graft/2 SEQ ID NO: 137; GRAFT /H3 SEQ ID NO: 138; 

GRAFT /H9 SEQ ID NO:139. VH1: F58 SEQ ID NO: 129, DP-2 SEQ 

ID NO: 130; Graft/20 SEQ ID NO: 140). 
35 Figure 12 shows the vector pCANTAB3 -myc and the DNA 

and amino acid sequences in the region of the cloning site. 

(SEQ ID NO: 131). 
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Figure . 13 shows the vector pCANTABS -myc and the DNA 
and amino acid sequence in the region of the cloning site. 
(SEQ ID NO: 132) . 

Figure 14 shows the assembly of rearranged VH genes. 
5 Table 1 lists oligonucleotide primers and peptides 

mentioned in the text. The attention of readers of this 
document is directed to table 1 for sequence information on 
these oligonucleotides and peptides, complete with the SEQ 
ID NO of sequences in the listing. 

0 

Table 1 - Oligonucleotides Used 

PRIMER SEQUENCE 



SEQ ID NO: 5 MOJK1FORNX 

15 

SEQ ID NO: 6 



20 

; . SEQ ID NO: 7 



25 SEQ ID NO: 8 



SEQ ID NO: 9 VH1FOR-2 

30 

SEQ ID NO: 10 Mo-VH-Hu-CHl 



35 

SEQ ID NO: 11 HCM1F0N0 



40 SEQ. ID NO: 12 HUCKCYSNOT 



SEQ ID NO: 12 HUCLCYSNOT 

45 



5 f -CCG TTT GAT TTC CAG CTT 
GGT GCC- 3' 



5 ' -TGA GGA GAC GGT GAC CGT 
GGT CCC TTG GCC CC-3' 

5 1 -GGG ACC ACG GTC ACC GTC 
TCC TCA GGA AGT GCA TCC 
GCC CCA ACC CTT TTC- 3* 

5 '-CCA CGA TTC TGC GGC CGC. 
CAC TGG AAG AGG CAC GTT 
CTT TTC TTT-3 1 

.5 ' -GAG TCA TTC TCG ACT TGC 
GGC CGC ACA CTC TCC CCT 
GTT GAA GCT CTT-3 1 

5' -GAG TCA TTC TCG ACT TGC 
GGC CGC TGA ACA TTC TGT 
AGG GGC CAC TGT CTT-3' 



MVKBASFI 5' -CAT GAC CAC GCG GCC CAG 

CCG GCC ATG GCC GAC ATT 
GAG CTC ACC CAG TCT CCA-3' 

MOVK-HUCK-BACK 5 1 -GGC ACC AAG CTG GAA ATC 

AAA CGG ACT GTG GCT GCA 
CCA TCT GTC TTC-3* 

HUCKNOT 1 6 NOM YC 5 1 -GAG TCA TTC TCG ACT TGC 

GGC CGC TTA TTA ACA CTC 
TCC CCT GTT GAA GCT CTT-3 ' 



50 



SEQ ID NO: 14 



MVKBAAPA 



5 f -CAC AGT GCA CTC GAC ATT 
GAG CTC ACC CAG TCT CCA-3 1 
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SEQ ID NO: 107 VH1BACKAPA 5 ' -CAT GAC CAC AGT GCA CAG 

U GTS MAR CTG CAG SAG TCW 

GG-3 ,v 

5 SEQ ID NO: 15 HCM1FONO 5 ' -CCA CGA TTC TGC GGC CGC 

CAC TGG AAG AGG CAC GTT 
CTT TTC TTT-3 ' 

SEQ ID NO: 16 HCM1FO 5 1 -TGG AAG AGG CAC GTT CTT 

10 " TTC TTT-3' 

SEQ ID NO: 17 HUCLCYS 5' -TGA ACA TTC TGT AGG GGC 

CAC TGT CTT-3' 

15 SEQ ID NO: 18 HUCKCYS 5 '-ACA CTC TCC CCT GTT GAA 

GCT CTT-3' 



20 



35 



40 



SEQ ID NO: 19 fd-PCR-BACK 5 ' -GCG ATG GTT GTT GTC ATT 

GTC GGC-3' 

SEQ ID NO: 20 fd-SEQl 5 ' -GAA TTT TCT GTA TGA GG- 

3' 



SEQ ID NO: 21 HULAMBDASEQ 5 ' -GTG TGG CCT TGT TGG CTT 

25 " " G-3' 

SEQ ID NO: 22 pHEN-SEQ 5 ' -CTA TGC GGC CCC ATT CA- 

3' 

30 SEQ ID NO: 23 LINKS EQ 5 ' -CGA TCC GCC ACC GCC AGA 

G-3 ' 



SEQ ID NO: 24 HU-MCH1FORSEQ2 5 ' -AGG AAG TCC TGT GCG AGG 

CAG-3' 

SEQ ID NO: 25 HuVLlBACKSFI 5 ' -GTC CTC GCA ACT CGC GCC 

CAG CCG GCC ATG GCC CAG 
TCT GTG TTG ACG CAG CCG 
CC-3 ' 

SEQ ID NO: 26 HuCLl FORAMBNOT 5 ' -CCA CGA TTC TGC GGC CGC 

CTA TGA ACA TTC TGT AGG 
GGT CAC TGT-3 1 



45 SEQ ID NO: 108 VH1BACKSFI15 5 * -CAT GCC ATG ACT CGC GGC 

CCA GCC GGC CAT GGC CSA 
GGT SMA RCT GCA GSA GTC 
( A/T )GG 

50 SEQ ID NO: 27 HuJH4FORASSXHoI 5 ' -GCCTGAACCGCCTCCACCTCTCGA 

GAACGGTGACCAGGG-3 ' 



55 



SEQ ID NO: 28 HuVBLBACK-XhoI 5 ' -CTGGTCACCGTCTCGAGAGGTGGA 

GGC-3 ' 

SEQ ID NO: 29 HuJH4F0RSalI 5 ' -GGAGGATGCACTTGTCGACACGGT 
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10 



45 



GACCAG-3' 



Human VH Back Primers 



SEQ ID NO: 30 HuVHlaBACK 5 1 -CAG GTG CAG CTG GTG CAG 

TCT GG-3 1 ' 

SEQ ID NO: 31 HuVH2aBACK 5 1 -CAG GTC AAC TTA AGG GAG 

TCT GG-3 f 

SEQ ID NO: 32 HuVH3aBACK 5 1 -GAG GTG CAG CTG GTG GAG 

TCT GG-3 1 



SEQ ID NO: 33 HuVH4aBACK 5 ' -CAG GTG CAG CTG CAG GAG 

15 TCG GG-3 1 

SEQ ID NO: 34 HuVHSaBACK 5 1 -GAG GTG CAG CTG TTG CAG 

TCT GC-3' 

20 SEQ ID NO: 35 HuVH6aBACK 5 ' -CAG TGA CAG CTG CAG CAG 

TCA GG-3 1 

Human IgM Constant Region Primer 

25 SEQ ID NO: 36 HulgMFOR 5 ' -TGG AAG AGG CAC GTT CTT 

TTC TTT-3 ' 

Human K Constant Region Primer 

30 SEQ ID NO: 37 . HuCKFOR 5 1 -AGA CTC TCC CCT GTT GAA 

GCT CTT-3' 

Human X Constant Region Primer 

35 SEQ ID NO: 38 HuCXFOR 5 ' -TGA AGA TTC TGT AGG GGC 

CAC TGT CTT- 3' 

Human JH Forward Primers 

40 SEQ ID NO: 39 HuJHl-2FOR 5 ? -TGA GGA GAC GGT GAC CAG 

GGT GCC-3 1 



SEQ ID NO: 40 HuJH3FOR 5 1 -TGA AGA GAC GGT GAC CAT 

TGT CCC-3' 

SEQ ID NO: 41 HuJH4-5FOR 5 1 -TGA GGA GAC GGT GAC CAG 

GGT TCC- 3 ' 



SEQ ID NO: 42 HuJH6FOR 5 1 -TGA GGA GAC GGT GAC CGT 

50 GGT CCC-3 1 

VH BACK PRIMERS WITH APA LI SITES 

SEQ ID NO: 43 • HUVH1BAAPA 5 f -CAT GAC CAC AGT GCA CAG 

GTG CAG CTG GTG CAG TCT 
55 GG-3 1 



15 



20 



30 



40 
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50 
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SE0 » NO, 44 K~APA S^^nSr £ ^ 

GG-3' 



5 SEQ ID NO: 45 HUVH3BAAPA M ^ 

GG-3' 

SBQ ID NO: 46 HUVH4BAAPA "^^cST^ SS 

0 GG-3 ' 

SEQ ID N0= 47 HUVH5BAAPA f^J^S^jS ^S 

GC-3 ' 

SE Q ID NO: 48 HUVH6BAAPA 5 • f C OVC AGT GCA CAG 

w GTA CAG CTG CAG CAG 1UA 

GG-3 T 

JHSAL primers 

SEQ ID N0= 49 H^HI-*™^ ™ '^f^ 

25 SE Q „ NO: SO HUJH3FORSAL f^^SJ&ZSP 
SEQ ID NO: 51 HV^-SPOaSAL |^» « ^ 
SEQ ID NO: 52 HUJH6FORSAL ^^/^^ 



35 LAMBDA BACK PRIMERS WITH SFI SITES 

SEQ ID NO: 53 HUVLIBASFI : S'-OTC .CTC : GCA ACT GCG GCC 



CAG CCG GCC ATG GCC CAG 
TCT GTG TTG ACG CAG CCG 
CC-3 ' 

SEQ ID NO: 54 HUVL2BASFI : 5>-GTC CTC GCA ACT GCG GCC 

w CAG CCG GCC ATG GCC CAG 

TCT GCC CTG ACT CAG CCT 
GC-3 * 

SEQ ID NO: 55 HUVL3aBASFI: 5 1 -GTC CTC GCA ACT GCG GCC 

TAT GTG CTG ACT CAG CCA 
CC-3 ' 

SEO ID NO: 56 HUVL3bBASFI : 5 '-GTC CTC GCA ACT GCG GCC 

L CAG CCG GCC ATG GCC TCT 

TCT GAG CTG ACT CAG GAC 
CC-3 ' 
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SEQ ID NO: 57 HUVL4BASFI : 5 1 -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC CAG 
GTT ATA CTG ACT CAA CCG 
CC-3 r 

5 

SEQ ID NO: 58 HUVL5BASFI : 5' -GTC CTC GCA ACT GCG. GCC 

CAG CCG GCC ATG GCC CAG 
GCT GTG CTC ACT CAG CCG 
TC-3 1 

10 

SEQ ID NO: 59 HUVL6BASFI : 5 f -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG. GCC AAT 
TTT ATG CTG ACT CAG CCC 
CA-3' 

15 

KAPPA BACK PRIMERS WITH SFI SITES 



SEQ ID NO: 60 HUVK1BASFI: 

20 

SEQ ID NO: 61 HUVK2BASFI : 

25 

SEQ ID NO: 62 HUVK3BASFI: 

30 

SEQ ID NO: 63 HUVK4BASFI: 

35 

SEQ ID NO: 64 HUVK5BASFI: 

40 

SEQ ID NO: 65 HUVK6BASFI : 

45 



5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAC 
ATC CAG ATG ACC CAG TCT 
CC-3 1 

5 1 -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAT 
GTT GTG ATG ACT CAG TCT 
CC-3 1 

5 f -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC G AA ... 
ATT GTG TTG ACG CAG TCT 
CC-3 1 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAC 
ATC GTG ATG ACC CAG TCT 
CC-3 1 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GGA 
ACG ACA CTC ACG CAG TCT 
CC-3 1 

5 1 -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAA 
ATT GTG CTG ACT CAG TCT 
CC-3 1 



SEQ ID NO: 66 HUCLFORSERASCNOT 5 1 -GAG TCA TTC TCG ACT TGC 

GGC CGC CTG CTA TTA TCG 
50 GGC GCG CCT TTA TTA TGA 

AGA TTC TGT AGG GGC CAC 
TGT CTT-3 1 

SEQ ID NO: 67 HUCKFORSERASCNOT 5 ' -GAG TCA TTC TCG ACT TGC 
55 GGC CGC CTG CTA TTA TCG 

GGC GCG CCT TTA TTA AGA 
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CTC TCC CCT GTT GAA GCT 
CTT-3' 

• SEQ ID NO: 68 HUCKFORSER 5 '-AGA CTC TCC CCT TTT GAA 

5 w GCT CTT-3 ' 

SEQ ID NO: 69 HUCLFORSER 5'-TGA AGA TTC TGT AGG GGC 

w ■ CAC TGT CTT-3' 

10 SEQ ID NO: 70 HUCKFORSERNOT g 

GTT GAA GCT CTT-3 ' 

SEQ ID NO: 71 HUCLFORSERNOT 5 '-GAG TCA TTC TCG ACT TGC 
_ GGC CGC TGA AGA TTC TGT 

. AGG GGC CAC TGT CTT-3' 

Human VK Back Primers 

20 SEQ ID NO: 72 HuVklaBACK 5'-GAC ATC CAG ATG ACC CAG 

TCT CC-3' 

SEQ ID NO: 73 HuVk2aBACK 5 ' -GAT GTT GTG ATG ACT CAG 

TCT CC-3* 

25 SEQ ID NO: 74 HuVk3aBACK 5 • -GAA ATT GTG TTG ACG CAG 

TCT CC-3' 



30 



SEQ ID NO: 75 HuVK4aBACK 5 - ' -GAC ATC GTG ATG ACC CAG 

TCT CC-3' 

SEQ ID NO: 76 HuVk5aBACK 5' -GAA ACG ACA CTC ACG CAG 

TCT CC-3' 



35 SEQ ID NO: 77 HuVk6aBACK 5 ' -GAA ATT GTG CTG ACT CAG 

TCT CC-3' 

Human X Back Primers- 

40 SEQ ID NO: 78 HuXlBACK 5 ' -CAG TCT GTG TTG ACG CAG 

CCG CC-3 ' 



45 



50 



SEQ ID NO: 79 HuXBACK 5 ' -CAG TCT GCC CTG ACT CAG 

CCT GC-3.' 

SEQ ID NO: 80 HuX3aBACK 5 ' -TCC TAT GTG CTG ACT CAG 

CCA CC-3' 

SEQ ID NO: 81 HuX3bBACK 5 '-TCT TCT GAG CTG ACT CAG 

GAC CC-3' 

SEQ ID NO: 82 HuX4BACK . 5 ' -CAC GTT ATA CTG ACT CAA 

CCG CC-3' 



55 SEQ ID NO: 83 HuX5BACK 5 ' -CAG GCT GTG CTC ACT CAG 

CCG TC-3* 
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SEQ ID NO: 84 H11X6BACK 5 f -AAT TTT ATG CTG ACT CAG 

CCC CA-3' 

SEQ ID NO: 85 G3 LASCGTGBACK 5 ' -GTC CTC GCA ACT GGC GCG 
5 CCA CAA TTT CAC AGT AAG 

GAG GTT TAA CTT GTG AAA 
AAA TTA TTA TTC GCA ATT-3 1 

SEQ ID NO: 86 F58GRAFT JH4SAL 5 ' -GGA TGC ACT TGT CGA CAC 
10 GGT GAC CAG GGT ACC TTG 

GCC CCA GTA GTC AAA GTA 
GTA GTC CTC TTC GTA ATC 
ATA GTA GAT CAG GTC ACA 
GTA ATA CAC. GGC CGT GTC-3 ' 

15 

SEQ ID NO: 87 F58GRAFTSAL 5' -GGA TGC ACT TGT CGA CAC 

GGT GAC CAG GGT ACC TTG 
GCC CCA GTA GTC AAA GTA 
GTA GTC CTC TTC GTA ATC 
20 ATA GTA GAT CAG GTC ACA 

GTA ATA CAC GGC CGT GTC- 3' 

LAMBDA BACK PRIMERS WITH APA LI SITES 

25 SEQ ID NO: 88 HUVL1BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

CAG TCT GTG TTG ACG CAG 
CCG CC-3 ? 

SEQ ID NO: 89 HUVL2BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

30 CAG TCT GCC CTG ACT CAG 



40 



CCT GC-3 



SEQ ID NO: 90 HUVL3aBAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

TCC TAT GTG CTG ACT CAG 
35 CCA CC-3' 

SEQ ID NO: 91 HUVL3bBAAPA: 5 ' -TGA GCA CAC AGT GCA CTC 

TCT TCT GAG CTG ACT CAG 
GAC CC-3' 

SEQ ID NO: 92 HUVL4BAAPA: 5 ' -TGA GCA CAC AGT GCA CTC 

CAG GTT ATA CTG ACT CAA 
CCG CC-3' 

45 SEQ ID NO: 93 HUVL5BAAPA: 5 1 -*TGA GCA CAC AGT GCA CTC 

CAG GCT GTG CTC ACT CAG 



CCG TC-3 



SEQ ID NO: 94 HUVL6BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

50 AAT TTT ATG CTG ACT CAG 

CCC CA-3 f 

KAPPA BACK PRIMERS WITH APA LI SITES 

SEQ ID NO: 95 HUVK1BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

55 GAC ATC CAG ATG ACC CAG 

TCT CC-3 1 
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SEQ ID NO: 96 HUVK2BAAPA: 



5 SEQ ID NO: 97 HUVK3BAAPA: 



10 



15 



25 



30 



35 



40 



45 



50 
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SEQ ID NO: 98 HUVK4B AAP A : 



SEQ ID NO: 99 HUVK5BAAPA: 



SEQ ID NO: 100 HUVK6BAAPA: 



20 Human VH Back Primers 

SEQ ID NO: 101 HuVHl aBACKS f x 



SEQ ID NO: 102 HuVH2aBACKSf i 



SEQ ID NO: 103 . HuVH3 aBACKS fi 



SEQ ID NO: 104 HuVH4aBACKSf i 



SEQ ID NO: 105 HuVH 5 aBACKS f i 



SEQ ID NO: 106 HuVH6 aBACKS f i 



SEQ ID NO: 109 SYNLIB1 



5'-TGA GCA CAC AGT GCA CTC 
GAT GTT GTG ATG ACT CAG 
TCT CC-3' 

5 1 -TGA GCA CAC AGT GCA CTC 
GAA ATT GTG TTG ACG CAG 
TCT CC-3' 

5' -TGA GCA CAC AGT GCA CTC 
GAC ATC GTG ATG ACC CAG 
TCT CC-3 1 

5 f -TGA GCA CAC AGT GCA CTC 
GAA ACG ACA CTC ACG CAG 
TCT CC-3' 

5' -TGA GCA CAC AGT GCA CTC 
GAA ATT GTG CTG ACT CAG 
TCT CC-3 1 



5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG GTG CAG TCT 
GG-3 ■ 

5 f -GTC CTC GCA ACT' GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTC AAC TTA AGG GAG TCT 
GG-3 1 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG GTG GAG TCT 
GG-3 ' 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG CAG GAG TCG 
GG-3' 

5 1 -GTC CTC .GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG TTG CAG TCT 
GC-3 ' 

5 ' -GTC CTC GCA ACT GCG GCC - 
CAG CCG GCC ATG GCC CAG 
GTA CAG CTG CAG CAG TCA 
GG-3 1 

5' -GCC TCC ACC TCT CGA GAC 
GGT GAC CAG GGT ACC TTG 
GCC CCA ATA GTC AAA 
((A/C)NN)5 TCT TGC ACA GTA 
ATA CAC GGC CGT GTC- 3 ' 
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The examples illustrate embodiments of processes 
according" to the present invention as follows: 

In the work described in example 1, a mouse antibody 
5 directed against an epitope of TNF was cloned as a Fab 
fragment for display on phage, and by combining the heavy 
chain with repertoires of human light chains (or indeed the 
light chain with repertoires of human heavy chains), it was 
possible to select phage bearing Fab fragments with one 
10 mouse and one human chain. These antibody fragments bound 
to the same epitope of TNF as the original mouse antibody. 
The new human chain (heavy or light) was then combined with 
a repertoire of human partner chains to create an entirely 
human antibody Fab fragment which binds to the same epitope 
15 of TNF. 

Example 2 illustrates CDR imprinted selection in a 
dual combinatorial format. An anti-HIV gp!20 antibody was 
humanised by epitope imprinted selection with retention of 
the original mouse heavy chain CDR3 . The VH and VL domains 

20 of the mouse antibody were cloned as fusions with mouse CHI 
and Ck chains. The resulting heavy chain VHCH1 fragment 
was displayed on phage in combination with a repertoire of 
human light chains expressed as a g3p fusion from phage 
vector. Human light chains displayed on phage were 

25 selected and the selected chains displayed in phage in 
combination with a library of human naive heavy chain VHCH1 
fragments amplified so as to comprise the CDR3 of the 
original mouse heavy chain, expressed as g3p fusions. 
Selected phage were obtained displaying antibody 

30 polypeptide dimers which retain the original specificity 
against gpl20 but are now of fully human origin apart from 
retaing the mouse heavy chain CDR3. 

Example 3 illustrates CDR imprinted selection in a 
-single replicon, single chain Fv format. An anti-HIV gp!20 

35 antibody was humanised by epitope imprinted selection with 
retention of the original mouse heavy chain CDR3. A single 
chain Fv library was displayed on phage, the fragments 
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comprising the original mouse light chain and CDR3 of the 
heavy chain but with the remainder of the light being of 
human origin, derived from a library of human naive heavy 
chains. The heavy chain variable domain of selected phage 
5 was then combined with a repertoire of human light chain 
variable domains to generate a scFv library on phage. 
Phage selected from this library displayed scFv fragments 
in which the variable domains were of fully human origin 
except for the retention of CDR3 of the mouse heavy chain. 

10 Example 4 illustrates the isolation of human 

antibodies derived from the immune repertoire of an 
immunised mouse. A repertoire of mouse heavy and light 
chain V genes derived from a mouse immunised with TNF are 
displayed as single chain Fv fragments and phage selected 

15 for binding to TNF.. VH genes derived from this selected 
mouse population are then combined with VL genes derived 
from a human naive library as single chain Fv fragments and 
phage selected. Selected semi -humanised antibody 

polypeptide dimers are then fully humanised by pairing the 

20 human VLs with human VHs derived from a human naive 
library. Fully humanised antibody polypeptide dimers 
specific for TNF may then be selected from the resulting 
library. 

Example 5 illustrates creation of a synthetic library. 



25 



Example 1 

Hnmanisation of a murine antibody: 

t eolation of human antibodies directed against a specific 
^ pitcpe on tumour necrosis fact or aloha (TNF-alpha) using 

30 epitope imprinted selection 

We chose a murine monoclonal antibody directed against 
human TNF as our target antibody for humanisation by double 
chain shuffling. The antibody Mab32 (class IgG2b, k) (D. 
Rathjen et al., 1991 Mol. Immunol. 28, p79; D.Rathjen et 

35 al, 1992 Brit. J. Cancer 65, pp852-856; Australian Patent 
Application 7,576; EP 486,526) does not inhibit the 
cytolytic effect of TNF (presumably because it does not 
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inhibit the binding of TNF to its receptors), but it 
enhances the in vivo anti-cancer and anti-viral effects of 
the cytokine. The antibody binding site .is localised in a 
region of the TNF-trimer, which encompasses the first 18 
5 residues of TNF. This example demonstrates that epitope 
imprinted selection can be used to generate human 
antibodies specifically recognising this same epitope on 
human TNF-alpha . 

10 Experimental and Results 

General methods used are given at the end of this 
section 

1 Cloning and display of the V genes of Mab 32 on phage 

15 Cloning of the V-genes of Mab32: 

The genes of the mouse Mab32 antibody (IgG2b, Kappa) 
were rescued by PCR essentially as described (Clackson et 
al;, 1991, supra, Clackson et al in "PCR: a practical 
approach, eds Mr Phenox et al, IRL Press, Oxford pp 187- 

20 214) using the primers VHlBACk and VH1FOR2 for the VH gene 
and VK2BACK and VK4FOR for the VL gene and the polymerase 
chain reaction (PCR, R.K.Saiki et al., 1985, Science 230, 
p!350). The mouse VH and Vk genes were assembled for 
expression as scFv fragments by PCR assembly (Clackson et 

25 al-, supra) amplified with VH 1 BACKS fi and VKF0R4N0T and 
ligated into phagemid pHENl ( H . R . Hoogenboom et. al., 1991 
Nucl. Acids. Res. 19, pp4133-4137) as a Sfil-NotI cut 
restriction fragment, and electroporated into E.coli HB2151 
cells. Of 96 clones analysed by ELISA (see below), 9 

30 secreted TNF-binding soluble scFv fragments. Sequencing 
revealed in all clones a mouse VH of family I IB and a mouse 
Vk of family VI (E.A.Kabat et al., 1991 Sequences of 
Proteins of Immunological Interest, US Public Health 
Services). Nucleotide mutations which were probably 

35 introduced by the PCR were detected by comparing the 9 
sequences, and a clone with 'consensus 1 sequence and 
binding activity (scFv-Mab32) chosen for further cloning 
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experiments ( Figure 5 ) . 

Recloning of the Mab32 V-genes for soluble expression: 

The murine V-genes were recloned for soluble expression of 
5 heavy (Fd, VHCH1 ) or light chain, by linking the mouse 
V-genes to the human CHI (of the mu-isotype) or human Ck 
gene respectively by splice overlap extension- The mouse Vk 
gene was amplified from scFv-Mab32 ' DNA with 
.oligonucleotides M0JK1F0RNX (binds in joining region of 

10 V-gene; the sequences of all oligonucleotides used in these 
examples are shown in Table 1) and MVKBASFI (binds in 5' 
region and adds Sfil restriction site); the human Ck was 
obtained by PCR from a mouse-human chimaeric light chain 
gene (of NQ10.12.5, described in Hoogenboom et al. , 1991, 

15 supra), with oligonucleotides MOVK-HUCK-BACK ( binds in 5' 
of human Ck and is partially complementary with mouse Jk 1 
region) and HUCKNOT 1 6 NOM YC (sits in 3' end of human Ck, 
retains the terminal cysteine, and tags on a Not I 
restriction site) as in Clackson et al, 1991 using a two 

2Q fragment assembly. For linkage of the DNA fragments, the 
two PCR fragments were mixed and amplified with MVKBASFI 
and HUCKN0T16N0MYC- The chimaeric VkCk gene was 
subsequently cloned as a Sfil-NotI fragment in pUC19 
derivative containing the pelB signal peptide sequence and 

25 appropriate cloning sites for soluble expression of the 
light chain ( pUC19-pelB-myc, Figure 2). Similarly, the 
mouse VH gene (amplified from scFv-Mab32 with LMB3 and 
VH1F0R-2) was combined by splicing by overlap extension PCR 
with the human u-CHl domain (amplified from human 

30 IgM-derived cDNA (Marks et al., 1991, supra WO 92/01047) 
with Mo-VH-Hu-CHl and HCM1F0N0, and cloned as Sfil-NotI 
fragment into a pUC19-pelB-myc for soluble expression of a 
tagged chain. 

35 Display of the Mab32 antibody on phage : 

The chimaeric light chain was displayed on phage f d by 
reamplif ication of the mouse/human chimaeric chain with 
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HUCKCYSNOT and MVKBAAPA and cloning into fd-tet-DOGl as an 
ApaLI-NotI fragment. Cells harbouring a plasmid with the 
heavy Fd chain gene were grown in 2xTY containing AMP-GLU 
(1%) to logarithmic phase (OD600 of 0.5) and infected with 
5 a 20-fold excess of light-chain displaying phage. After 45 
min at 37' C without shaking and 45 min at 37' C with shaking 
in the 2xTY, ampicillin (100 ug/ml ) , Glucose 1% medium/ a 
sample was diluted into 50- fold volume of prewairmed (37*C) 
2 x TY, ampicillin (100 ug/ml) and tetracyclin (15 ug/ml, 

10 grown for 1 hr at 37 ' C and then overnight at 30 ' C 
(shaking). Phage particles collected from the supernatant 
of such culture displayed TNF-binding Fab fragments 
anchored through the light chain on their surface. 

Similarly, the reversed configuration was made. The 

15 heavy chain VHCH1 fragment was cloned into fd-tet-DOGl 
(after amplification of the Fd chain gene from the 
mouse/human chimeric construct with VH1BACKAPA and 
HCM1F0N0 ) , and phage used to infect cells capable of 
producing soluble light chain. Phage particles collected 

20 from the supernatant of such culture displayed TNF-binding 
Fab fragments anchored through the heavy chain VHCH1 
fragment on their surface. 

Properties of Mab32 fragments displayed on phage: 
25 The V-genes of the murine antibody Mab32 were cloned 

by amplifying the hybridoma V-genes, cloning the VH and Vk 
genes as scFv fragments in phagemid pHENl as above - 
Antibody scFv fragments which bind to TNF. were identified 
by ELISA ( see below for details ) . The mouse VH gene was 
30 recloned in pUC19-pelB-myc (Figure 2) for soluble 
expression as a mouse VH linked to human mu-CHl, while the 
light chain was recloned with the human Ck domain in vector 
fd-tet-DOGl as a fusion with g3p. When cells harbouring the 
heavy chain construct were infected with the fd-phage 
35 carrying the light chain, phage particles emerged which 
carried light chain-g3p associated with the Fd heavy chain. 
Indeed, binding to TNF and the 301 peptide was retained/ as 
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judged by ELISA with phage displaying the mouse-human 
chimaeric Fab fragment (Figure 3). In the phage ELISA, the 
background signal of phage carrying the light chain only 
was s lightly higher than wild-type fd-tet-DOGl phage, but 
5 always lower than the signal obtained with Fab-displaying 
phage. Similarly, TNF binding phage was made with the 
heavy chain VHCH1 fragment anchored on phage, and the light 
chain provided as a soluble fragment. Hence, Mab32 is 
f unctional in the dual combinatorial format in both display 
10 orientations. 

7. Chain shuffling bv epitope im printed selection (EIS) 
Construction of One chain- Libraries : 

Kappa, lambda light chain and Mu-specific cDNA was 

15 made from the mRNA prepared from the peripheral blood 
lymphocytes from two healthy donors essentially as in Marks 
et al., 1991, supra. The first-strand cDNA synthesis was 
performed with oligonucleotides HCM1F0, HUCLCYS and HUCKCYS 
for Mu-specific, lambda and kappa libraries respectively. 

20 The VH-CH 1 repertoire was amplified from this cDNA with 
oligonucleotides HCM1F0 and six family specific VHBACK 
primers (as in Marks et al., 1991, supra), reamplified with 
a NotI -tagged forward primer (HCM1F0N0) and ApaLI tagged 
VHBACK primers (6 primers HuVHIBAAPA to HuVH6BAAPA; 

25 Tablel). Similarly, the light chain repertoires were 
amplified with HUCLCYS or HUCKCYS forward primers and 
HUVXlBACK to HuVK6BACK or HuVklBACK to HuVk6BACK back 
primers described in Marks et al., 1991, supra and 
PCT/GB9 1/01134 (WO 92/01047). In each case described in 

30 this section the lambda and kappa chain variable 
repertoires were amplified separately. The amplified 
repertoires were reamplified with ApaLI and NotI tagged 
versions of these oligonucleotides (13 back primers 
HuVKlBAAPA to HUVA.6BAAPA or HuVklBAAPA to HuVkBAAPA and two 

35 forward primers HuCLCYSNOT and HuCKCYSNOT, respectively). 
All three repertoires were cloned into vector fd-tet-DOGl 
as ApaLI -NotI fragments, and electroporated into E . coli 
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MC1061 cells, to obtain libraries of 1.0 x 10 7 clones for 
V\CK, 1.4 x 10 7 clones for VkCk, and 5 x 10* clones for 
IgM-derived VHCH1. The presence of insert was checked and 
the frequency of inserts in the library found to be higher 
5 than 95% in all three cases. 

Selecting a human VL using the mouse VH domain as docking 
chain: 

When chain shuffling using epitope imprinted 
10 selection, there are two routes from the mouse to the human 
antibody, depending on which mouse V-gene is kept constant 
in the first rounds of selection (see Figure 1 ) . The 
influence of the mouse heavy and light chain in binding to 
antigen and their influence on docking human partner chains 
15 onto the original epitope may vary considerably between 
antibodies, perhaps depending on which domain forms most of 
the antigen-binding contacts. 

Figure 1 shows the principle of Epitope Imprinted 
Selection, as exemplified using a mouse antibody to start 
20 with. The clear rectangles represent the original mouse 
antibody VH and VL domains. Shaded rectangles represent 
human VH and VL domains. The human antibodies derived 
shown on the left * on the bottom line are produced by a 
procedure involving: 
25 (a) (i) retention of the original mouse VH and 

shuffling with a library of human VL domains 
followed by selection by binding to antigen. 

(a) ( ii ) shuffling of these selected human VL domains 
30 with a library of human VH domains followed by 

selection by binding to antigen. 
The human antibodies derived shown on the right on the 
bottom line are derived by the alternative pathway 
involving: 

35 

(b) (i) retention of the original mouse VL and 
shuffling with a library of human VH domains 
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followed by selection by binding to antigen. 



(b) (ii) shuffling of these selected human VH domains 
with a library of human VL domains followed by 
5 selection by binding to antibody. 

The human antibodies in the middle of the bottom line 
are derived by; 

10 ( c ) shuffling the selected human VL chains derived in 

( a ) ( i ) with the selected human VH chains derived 
in (b) (i) and then selecting by binding to 
antigen. 

VH chains derived in (b) ( ii ) can be combined with VL 
15 chains derived in (a)(ii) and vice versa. 

The current section describes procedure (a) and 
subsequent sections procedures (b) and (c). This 
example describes the procedures in a dual replicon, 
dual combinatorial format although the methods are 
20 equally applicable to a single replicon, single chain 

Fv format. 

In the first chain shuffling experiment, the mouse VH 
(linked to the human CHI domain), expressed from 

25 pUC19-pelB-myc, was paired as Fab fragment with a library 
of 10 7 different human VkCh domains. Phage displaying the 
antibody fragments were subjected to rounds of panning on 
TNF-coated tubes. By following the titre of the eluted 
phage, the extent of selection can be monitored. After 4 

30 rounds (with a 100-fold increase in the titre of eluted 
phage), 24 out of 28 individual clones were found to be 
binding to TNF in an EL1SA with phage expressing Fab 
fragments (all with the mouse VH-human CHI)'. Phage only 
displaying the selected human V\C\ domains gave a 

35 background similar to phage displaying only the chimaeric 
mouseVk-huraan Ck. Sixteen clones taken after the first 
round of selection were found to be negative. 
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Only three different BstNI fingerprints were found 
amongst the 24 binders, with one . pattern dominating 
(21/24). Light chains VAA2, V\C4 and VXD1 were found with 
frequencies of 21/24/ 2/24 and 1/24 respectively. 
5 Sequencing revealed that all -three light chains are derived 
from the same germline gene, a human VXl-1-1. Clone V>uC4 
has 1, clone VkDl has 2. and clone V\h2 7 amino-acid residue 
differences from the germline (Figure 6). However, clone 
VXA2 uses a framework-1 region which more closely resembles 

10 the germline sequence of a related V\l, humvlll7, and 
therefore may be the result of a cross-over. The germline 
character of the clones is also noted in the CDR3 sequence , 
with minimal variation in sequence and no length variation 
between the three clones. Apparently, only a very limited 

15 number of genes with very similar sequences fit the 
stringent requirements ( being compatible with the mouse VH 
and forming an antigen-binding pair). One of the surprises 
is that human germline encoded V-genes can supply domains 
that fit those conditions. However, the starting material 

20 of this library has proven to be very diverse in other 
experiments. For example, from an unimmunised scFv library 
made from the same, two donors, we derived many different X 
chains with a range of nucleotide mutations compared to 
known germline genes (Marks et al.*, 1991, supra). In 

25 addition, light chain genes derived from the same donors 
were used in a chain shuffling experiment for affinity 
maturation, and light chain variants (all V\l) with 
numerous mutations isolated (Marks et al., 1992, supra). 

30 Selecting a human VH using the selected human VL domains as 

docking chains : 

The . 3 selected VA genes were recloned in 

pUC19-pelB-myc for soluble expression as i/XcX chains. 

E.coli cells harbouring the three light chain plasmids were 
35 mixed, infected with a phage library of human VHCH1 genes, 

expressed from the fd-tet-DOGl library described earlier 

and the library subjected to rounds of panning on 
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TNF-coated Imrauno tubes. Clones were picked after 5 rounds, 
when the titre of eluted phage increased 100-fold. Fifteen 
out of 20 clones analysed by BstKI fingerprint of the DNA 
insert used one of two patterns (with approximately the 
5 same frequency). The 15 clones when combining their heavy 
chain VHCH1 fragments with the VXA2 light chain gave 
stronger phage ELISA signals than when combined with the 
VXC4 or vXDl light chain (Figure 3). Background signals 
obtained with phage displaying the heavy chain VHCH1 
10 fragment only were similar to the signal of the murine 
VH-human CHI. 

Sequencing revealed that the two patterns could be 
assigned to three unique human VH sequences (clones 
VHP1/2/3, with clone VHP1 having a BstNI fingerprint which 

15 is nearly identical to that of clone VHP2 ) . Like the 
selected light chain genes, the selected heavy chain' genes 
are derived from the same germline VH gene (germline DP-51 
from the VH3 family, Tomlinson et aL f J. Mol. Biol- 227, 
pp776-798 1992; Figure 6), with minimal residue 

20 differences. Figure* 6 shows the deduced protein sequences 
of V H and V L antibody genes of antibody fragments binding to 
human TNF. The selected human V-genes were aligned to 
their closest germline homologue; identical residues in the 
selected genes are represented by hyphens. Framework 4 of 

25 the V K genes has been truncated at 4th residue. Clone VHP1 
most likely is a cross -over between DP-51 and • a related 
germline, DP-47. All three selected VH-genes have 
relatively short CDR3 loops (8/9 and 10 residues), but 
share little homology in this sequence. Since the VH-CDR3 

30 is naturally the most diverse region of all six antibody 
variable loops, the chance of selecting clones with a 
consensus in that region is very low indeed. 

Specificity of binding of the selected V-aene pairs: 
35 a specificity ELISA with Mab32 and soluble scFv 

fragments on a number of antigens showed that the original 
Mab32 antibody, irs scFv-derivative and three of the 
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humanised TNF-binders (as scFv-f ragments ) bind specifically 
to TNF (Figure 4), No significant binding was obtained to 
ELISA plates, coated with keyhole limpet haemocyanin, . 
ovalbumin, cytochrome c, bovine serum albumin, human 
5 thyroglobulin, or 2-phenyloxazol-5-one-BSA or to plastic 
only. Proof that the humanised antibodies bind to the same 
epitope came first from phage ELISA with peptide-301-coated . 
plates and phage displaying the original mouse/human 
chimaeric Fab or the humanised Fab fragments (this assay is 

10 not sensitive enough to allow the detection of soluble scFv 
fragments ) ( Figure 3 ) . Figure 3 shows results of ELISA of 
phage displaying Fab fragments, with one chain displayed on 
phage as a g3p fusion (indicated by fd-...), and the other 
chain provided as a secreted, soluble chain partner. 

15 Clones display a combination of the following chains: fd- 
D0G1 (no antibody); light chains : mouse MoV L (from Mab32), 
human V)cA2 and V\C4 (selected with mouse V H ) , ; heavy chains 
: mouse MoV H (from Mab32 ) , human V H P1,2, 3 (selected with 
human VXA2, VX.D1, VXC4 ) , human V H LM2, V H LM8 (selected with 

20 mouse V L ). VX chains are indicated as VL. Fully humanised 
clones were obtained which bound to both peptide 301 • and 
TNF. 

In addition, to show that the human scFv fragments 
compete with the original antibody for binding to TNF, we 
25 analysed binding of the scFv constructs in a competition 
ELISA with the Fab fragment derived by proteolytic cleavage 
of Mab32. Single chain Fv frag ments were incubated on a 
TNF-coated surface with increasing amounts of the Fab 
fragment and the amount of bound scFv dete cted in ELISA 
30 (Figure 7). Each of the scFv fragments competes with the 
FabMab32 for binding to TNF, including both the original 
scFv-Mab32 and the humanised scFv fragments. 

Thus the fine specificity of Mab32 for peptide 301 of 
TNF is retained through the humanisation process. 

35 

Affinity of binding of the selected V gene pairs : 

The mouse Mab32 antibody and purified, monomeric forms 
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of the recombinant mouse scFv-Mab32 and the human scFv 
antibodies VHP1-VXA2, VH}P2-VXA2 and VHP3-V\A2, were 
subjected to competition ELISA. for the determination of the 
relative affinity for TNF. Antibodies were incubated on a 
5 TNF-coated surface in the presence of increasing amounts of 
soluble TNF. All the clones showed a roughly similar 
decrease in the ELISA signal over the same range of 
increasing TNF concentrations (with an IC50 in the 10nM to 
lOOnM range). Although the parent Mab32 has been reported 
10 to bind more strongly (affinity constant for binding to 
human TNF of 8 . 77 x 10 9 M" 1 ) this reflects the bivalency of 
the whole antibody molecule compared to the monovalency of 
a scFv fragment. 

The Mab32 and VHP3VXA2 fragments were also analysed 
15 for binding properties using the Pharmacia BIAcore. TNF was 
indirectly immobilised on the surface, and the binding of 
antibody monitored. The properties of the original mouse 
antibody were analysing two monomeric forms of Mab32. On 
the TNF surface, the Fab fragment from Mab32 by proteolytic 
20 cleavage and the scFv Mab32 showed very similar fast off 
rates (approximately 1CT 2 s" 1 ) . The human VHP3-VXA2 antibody 
has an off rate, in the same range as the original 
scFv-Mab32. On rates for antibody protein interactions are 
in the range seen for the interaction between other 
25 proteins and their receptors, and cover a 100 fold range 
between 10 4 and 10 6 M^s" 1 (Mason D.W. and Williams, A.F., 
1986, Kinetics of Antibody Reactions and the Analysis of 
Cell Surface Antigens, Blackwell, Oxford; Pecht, I. , 1992 
in Sela,M. (ed), Dynamic Aspects of Antibody Function, 
30 Academic Press Inc., New York, Vol- 6, pp 1-68). Assuming 
the on rates of the antibody TNF interactions are typical 
of antibody protein interactions, the off rate derived by 
the BIACore analysis is consistent with the affinity 
indicated by the competition ELISA ( Kd = 10" 7 to 10- B M). 
35 Thus, these determinations are consistent with 

scFvMab32 and the humanised scFv clone VHP3-VXA2 having a 
similar affinity and thus with, the retention of affinity, 
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as well as specificity, through epitope imprinted 
selection. 

Selection of humanised antibodies by alternative pathway of 
5 epitope imprinted selection; selecting human VH then VL 
chains : 

To answer the question of whether further human chains 
could be selected ' using the alternative pathway, we first 
selected a human VH using the mouse VL domain as imprinting 

10 chain. After four rounds of panning, two human VH domains 
dominated the population ( VH-LM2 and VH-LM8 ) . Both VH genes 
show minimal differences compared with the germline 
(DP-46), which is of the VH3 family. Compared with the 
VHP1, 2 and 3 sequences, VH-LM2 and. VH-LM8 use a germline 

15 of the same (VH3) family, and share the same canonical loop 
structure for CDR1 and CDR2 ( I . M. Tomlinson et al., 1992, 
supra; C.Chothia et al. , 1992 J . Mai. Biol. 227, 
pp789-817) However, clones VH-LM2 and VH-LM8 use a rather 
long VH}-CDR3 compared with VH} PI,. 2 and 3 (18 and 14 

20 amino acid residues compared to 8,9 and 10 residues 
respectively), and their respective germlines differ in 15 
amino-acid residues. To test the complementarity of the 
chains selected on different (but complementary moulds), 
the VH-LM2 domain was combined with the human VXA2 domain 

25 either as a Fab on phage or in a scFv configuration. Both 
yielded binding combinations ( Figure 3 and results not 
shown). In addition, the mouse VL forms a relatively weak 
binder in combination with the human VHP3 (as Fab fragments 
on phage ) . 

30 

General methods 

Preparation of phage displaying Fab fragments on the 
surface using a two replicon system : 

E. coli cells containing plasmid encoding the antibody 
• 35 chain for soluble expression were grown at 37 ! C in 10 ml 2 
x TY containing 100 ug/ml ampicillin and 1% glucose to an 
OD600 of 0.5. The cells were infected with either I0 n 
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tranforming units ITU) prepared from the original library 
(by growing libraries at 37 'C in 2 x TY with tetracyclin at 
15 ug/ml and collecting phage by two rounds of PEG 
precipitation), or with 1 ml eluate (variable titre) from 
5 the panning experiments, by incubating at 37 'C for 45 min 
without and 45 min with shaking. Subsequently the cells 
- were inoculated into 500 nil of prewarmed medium with 
arapicillin (100 ug/ml) and tetracyclin (15 ug/ml), and 
after growing fori hour at 37 'C transferred to a 30 'C 
10 shaker for an overnight incubation. Phage was prepared by 
two rounds of PEG-NaCl precipitation, and resuspended in 
water to approximately 10" TU/ml before selection. 

Selection of binders : 
15 Immuno tubes (Nunc) were coated overnight with 2 ml of 

a 10 ug TNF per ml of 50 mM bicarbonate buffer (pH 9.6). 

Incubation with phage, washing and elution conditions were 

as described by Marks et al., 1991. E^coli cells 

expressing the soluble complementary chain were infected 
20 with the eluted phage and grown in 2 x TY medium with 

tetracyclin ug/ml) for amplification of the selected phage 

population (as described above). 

Screening clone s for binding: 

25 individual clones were assayed for binding in phage 

ELISA, by preparing one-chain phage stocks, and using this 
phage to infect cells harbouring a gene encoding a partner 
chain (the one(s) which was (were) used to select the 
clones ) . Phage displaying Fab fragments prepared from such 

30 (2 ml) overnight cultures as decribed above, was 10-fold 
concentrated by PEG precipitation and 50 ul assayed in 
ELISA. Recombinant human TNF- a (produced in yeast, specific 
activity of 3.2 x 10" units/mg. Peptide Technology) was 
coated onto plastic flat-bottomed microtiterplates (Falcon 

35 3912) at 10 ug/ml in 50 mM bicarbonate buffer (pH 9.6) or 
PBS, at 50 ul/well overnight at room temperature. After 
washing with PBS, blocking for 2 hours with 2% Dried 
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Skimmed Milk Powder (Marvel), 50 ul phage per well was 
added to 50 ul 4% Marvel, after which the ELISA was 
continued (with anti-phage antiserum) as described (Marks 
et al., 1991 and PCT/GB91/01134 ) . For the detection of 
5 binding to the Mab32 epitope, the 301 -peptide (gift from 
Peptide Technology, sequence 
H-VRSSSRTPSDKPVAHVVA-OH SEQ ID NO 119) 

was coated by overnight incubation at room temperature with 
♦100 pi per well of 10 ug/ml peptide in PBS* The wells were 

10 blocked for 2 hours with 3% BSA, and the ELISA continued as 
above (using incubations with Marvel). 

Alternatively, soluble antibody fragments were made by 
r ecloning the selected chains in one plasmid (either as 
scFv fragments ) , inducing expression in " the appropriate 

15 strain and detecting ' bound antibody fragments in the 
supernatant of the E.coli cultures with the anti-myc-tag 
antibody. Purified monomeric scFv fragments (see below for 
purification) were used for competition ELISA experiments 
and to check the specificity of binding. For the 

20- specificity ELISA, plates were coated with various proteins 
as described (Marks et al:, 1991, supra and WO 92/01047), 
In all cases where soluble fragments were assayed in ELISA, 
Marvel was replaced by BSA. 

For competition ELISA, we used Fab fragment derived by 

25 proteolytic cleavage of Mab32 (gift of Peptide Technology) 
and either the 9E10-protein A purified mouse scFv-Mab32 or 
the protein A~purified human scFv fragments ( VHP1/2/3-VX2") . 
To a TNF coated plate (blocked with 3% BSA in PBS), a 
mixture was added of one of each of the four scFv fragments 

30 and increasing amounts of the mouse Fab fragment (in lOOul 
total volume, 1.2ul, 4ul and lOul of a 1 mg/ml solution. 
After incubation for 2 hours, the plate was washed, and 
bound scFv detected with the antibody 9E10 (which 
recognises the C- terminal myc-tag of the scFv fragments; 

35 Munro and Pelham 1986 Cell 46 291-300) and peroxidase 
labelled goat anti-mouse antibody ( Fc specific). As 
negative control, the same antibodies were used to detect 
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increasing amounts of Fab fragment only (the anti-mouse (Fc 
specific) cross-reacts weakly with the mouse Fab). 
Experiments were done with a range of concentrations of 
scFv fragments (up to 250ug/ml), to establish the minimal 
5 detectable amount of scFv where competition was visible 
(when an excess of scFv is used, no competition is 
visible). 

DMA fingerprint ino and seq uencing of clones: 

10 The V-gene DNA of phage clones positive in TNF-ELISA 

was analysed by DNA- fingerprinting (as in Clackson et al. , 
1991, supra). Briefly, the genes were amplified with 
fd-PCR-BACK and, for heavy chains, fd-SEQl, or, for light 
chains, HULAMBDASEQ, for 25 cycles (94 f C, 1 min; 50 'C, 1 

15 min and 72" C, 2 min), and the DNA cut withBstNI. Analysis 
of the digest by agarose gelelectrophoresis allowed then to 
identify major differences between the positive clones. The 
nucleic acid sequences of selected V-regions were 
determined by the dideoxy chain termination method 

20 (F.Sanger et al., 1977 Proc. Natl. Acad. Sci. USA 74> 
pp5463-5467) using a Sequenase kit (USB) and appropriate 
sequencing primers. Murine V-genes cloned into pHENl were 
sequenced with pHEN-SEQ and LINKS EQ; human VH genes were 
sequenced with a primer sited in the human CHl(mu) region 

25 (HU-MCH1F0RSEQ2), while for human vX, genes, HULAMBDASEQ was 
taken. 

Reclonino selected chains for soluble expression : 

Selected light chains were amplified with Sfil -tagged 
30 backward and NotI tagged forward primers for cloning into 
pUC19-pelB-myc. Human light chains VkA2, VX Dl and VXC4 
were amplified from fd with HuVLlBACKSFI and HuCL 1F0RAMBN0T 
and cloned into pUC19-pelB-myc (as Sfil-NotI fragments) for 
soluble expression as tag-less light chains (in 
35 non- suppressor strains ) . 

Alternatively, selected V-genes were assembled as scFv 
genes essentially as described (Clackson et al., 1991, 
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supra; Marks et al. # 1991, supra and WO 92/01047) using 
oligonucleotides described in Marks et al. (1991, supra and 
WO 92/01047) and cloned into pHENl (Hoogenboom et al., 
1991, supra) for expression in HB2151 E.coli cells as 
5 soluble scFv fraigments with a C-terminal. myc-tag. 

Purification of scFv fragments : 

The original mouse scFv-Mab32-cl4 fragment with the 
C-terminal myc-tag was purified from E . coll supernatant 

10 using an affinity 9E10-Protein A column (as described in 
Clackson et al., 1991, supra). The human scFv fragments 
(all with VH3 genes) were purified on Protein A-sepharose 
columns ( H . R . Hoogenboom and G. Winter, J . Mol. Biol. 227, 
pp381-388, 1992). All proteins were further purified using 

15 gelfiltration (Superdex-75, Pharmacia), and the monomeric 
fraction taken for BIAcore analysis. 

Standard polymerase chain reaction 

The standard reaction mixture for the polymerase chain 

20 reaction was: 5pl template DNA; 20pmol back primer(s); 
20pmol forward primer(s); lOmM KC1; lOmM (NH<) 2 S0 4 ; 20mM Tris 
HC1 <pH88); 2mM MgCl 2 ; lOOpg BSA/ml and 1 unit Taq DNA 
polymerase ( Perkin Elmer Cetus ) . The reaction mixture was 
overlaid with mineral oil and subjected to 30 cycles of 

25 amplification using a Techne thermal cycler (Duxford, 
England). The cycle was 94 °C for 1 min ( denaturation ) , 
55°C for 1 min (annealing) and 72°C for 1.5 min 
(extension). Other PCR conditions are given in the text or 
in references. 

30 

Purification of DNA products 

Products were purified following agarose gel 
electrophoresis using Geneclean (BiolOl) or by 
electroelution and ethanol precipitation (J Sambrook et al 
35 1989 Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY. ) 
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p^+ri n.r ion e"T"* digests 

Were performed according to the manufacturers 
instructions (New England Biolabs, CP Labs, Bishops 
Stortford, Herts). Ligations were performed according to 
5 Sambrook et al (1989 supra). 

Conclusion 

We have shown that a mouse antibody can be rebuilt 
into a human antibody with the same specificity by the 
process of epitope imprinted selection (EIS). 

A library of human light chains were shuffled with a 
mouse VH domain, binding combinations selected and then 
used in a second shuffle as 'docking domains 4 for a library 
of human VH genes. Completely human antibodies were 
isolated from such 'genuine' human library. The antibodies 
were shown to bind retain binding specificity. 
Alternatively, the mouse VL was used as docking chain for 
selecting human VH partners. Such VH domains can be. used to 
find human VL genes, or, alternatively, can be combined 
with human VL domains selected with the mouse VH domain, 
indeed, binding activity was obtained by combining . two 
independently selected V-genes, pointing towards potential 
additivity of the EIS procedure. 

The EIS approach may serve to humanise antibodies more 
rapidly than by CDR-grafting (Riechroann et al., 1988, 
supra), as this method requires very often a detailed 
knowledge of the 3-D structure of the antibody. However, 
'the EIS method can be extended to for example antibody 
repertoires obtained by phage selection from immunised 
rodents. Following immunisation with antigen, a repertoire 
of V-genes with high affinity and specificity may be 
selected and then used in a epitope imprinted selection 
(see example 4) to generate a range of human antibodies of 
high affini ty and enriched for the desired specificity. 
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Example 2 

H„n a ni S ing ^ont antibodies vising p ol vcomhinatorial 
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' i ibrairies and CDR impr inting 

CDR 3 of the heavy chain is generally found to be the 
most variable of all CDRs in terms of both length and. 
sequence, and can make important contacts with antigen 
5 (Winter, G. and Milstein . C. Man-made Antibodies. ( 1991) 
Nature 349, pp293-299 ) . This is an important consideration 
when humanising, whether by CDR-grafting (Patent 
GB2188638B) or as described in this application using 
chain-shuffling. It may be advantageous to apply the 
10 polycombinatorial approach to humanising by a 
chain-shuffling process in which the VHCDR3 sequence of the 
... rodent antibody is imprinted upon the human VH segments. 

In the polycombinatorial approach, one fragment eg VHCHl, 
15 is displayed on phage as a fusion from a phage vector and 
the other, eg light chain, is expressed as a soluble 
fragment from eg a plasmid. Super-infection with phage is 
used to display both fragments on phage as a Fab fragment. 
In this example a mouse anti-HIVgpl20 monoclonal 
20 antibody was humanised. The VH domain of this mouse 
antibody was fused to the human Cgammal domain and cloned 
into pUC19Sfi/Not/polymyc. 

A repertoire of naive human light chains cloned as g3 
...fusions in fd-DOG-1 (also known as fd-CAT-2 in WO 92/01047) 
25 was then infected into the cells carrying the chimaeric 
heavy chain, and phage selected on antigen. These phage 
have both heavy and light chains on their surface, though 
the phage genome encodes just the light chain; this is not 
a problem since the only heavy chain is the one provided. 
30 Light chains selected this way were then paired with 

a library of naive human VH domains, PCR-amplif led in such 
a way that CDR3 of the human antibodies were replaced with 
that of the original mouse heavy chain. 

Section (a) deals with construction of a chimaeric Fab 
35 fragment in which the mouse F58 VH and VL domains are fused 
to human CHI and CK sequences. This clone was used in early 
characterisation of the antibody and served as a template 
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for subsequent PGR amplification of the heavy chain, which 
was then cloned into pUCl9 Sfi-Not polymyc as a Pstl-Not I 
fragment (section (b)). Section (c) describes construction 
of a human light chain repertoire in fdDOG, which was then 
infected into cells containing the chimaeric heavy chain on 
P UC19 (section (d>>. The resulting phage were panned 
against the peptide (section (•)) and the selected light 
chains PCR-amplified and cloned as Asc I-Not I fragments 
alongside the chimaeric heavy chain (section (£)) and 
assayed for their ability to bind antigen by ELISA (section 

(g) ). Selected light chains were recloned in pUC (section 

(h) ) and naive human VH domains amplified with a mutagenic 
primer imposing the F58 CDR3 sequence on the domains, and 
the resulting fragments cloned in phage ( section ( i )) . This 
repertoire of imprinted heavy chain phage was then used to 
infect cells carrying the selected light chains on pUC and 
the resulting phage panned on antigen. Finally, the 
selected heavy and light chains are cloned together on the 
same replicon and assayed for binding to antigen (section 

20 U))- 

(a) nnnino of chimapric heavy chain 

(i) r-.DNA. svnt-hesis a nd primary PCR. 

Five ml of cultured hybridoma cells (approximately 2 
x 10 6 cells) were washed in PBS, pelleted, resuspended in 
200 ul 0.1% diethylpyrocarbonate in water and immediately 
boiled for 5 minutes. After centrifugation, 68 ul of the 
-boilate' supernatant was added to a 28 ul reaction mixture 
resulting in a 96 ul reaction mixture containing 140 mM 
KC1 50 mM Tris.HCl (pHS.l @ 42'C), 8 mM MgCl 2 , 10mM DTT, 
SOO uM deoxythymidine triphosphate, 500 uM deoxycytidine 
triphosphate, 500 uM deoxyadenine triphosphate and 500 uM 
deoxyguanine triphosphate nucleotide triphosphate (500 uM 
dNTPs), 160 units of human placental RNAse inhibitor and 10 
pmol of forward primer. Four ul (100 units) of avian 
myeloblastosis virus (AMV) reverse transcriptase was added, 
the reaction incubated at 42'C for 1 hour, heated to 100 'C 
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for 3 minutes, quenched on ice and centrifuged for 5 
minutes. The supernatant was then used immediately for PCR. 

Separate PCR amplifications were performed for the 
heavy and light chains. Fifty ul reaction mixtures were 
5 prepared containing 5 ul of the supernatant from the cDNA 
synthesis, 250 uM dNTPs, 50mM KC1, lOOmM Tris.HCl (pH 8.3), 
i.5mM MgCl 2 , 175 ug/ml BSA, 20 pmol each of the appropriate 
mixtures of forward and back primers (Clackson, T et al. 
(1991) supra.) and 1 ul ( 5 units) Thermus aguaticus (Tag) 

10 DNA polymerase ( Cetus , Emeryvi 1 le , CA ) . The reaction 
mixture was overlaid with paraffin oil and subjected to 30 
cycles of amplification using a Techne PHC-2 thermal 
cycler. The cycle was 94' C for 1 minute ( denaturation ) , 
55' C for 1 minute (annealing) and 72' C for 1 minute 

15 (extension). The product was analyzed by running- 5 ul on. 
a 2% agarose gel. The remainder was extracted twice with 
ether, once with phenol /chloroform, ethanol precipitated 
and resuspended in 50 ul of water. 

20 (ii) Cloning and- sequencing of amplified VH and-Vk DNA. 

The amplified VH DNA was digested with PstI and 
BstEII, purified on a 2% low melting point agarose gel and 
ligated into M13VHPCR1 digested with PstI and BstEII 
(Orlandi, R. , D. H. Gussow, P. T. Jones and G. Winter. 

25 (1989). Cloning immunoglobulin variable domains for 
expression by the polymerase chain reaction. Proc. Natl. 
Acad. Sci., USA, 86 <10), pp3833-7 ) . The amplified VK DNA 
was digested with PvuII and Bgl II and ligated into 
M13VKPCR1 digested with Pvu II and Bel I. The- ligation 

30 mixtures were used to transform competent TGI cells. Two 
clones from separate amplifications were sequenced for each 
VH and Vk chain using the dideoxynucleotide chain 
termination method. 

35 (iii) Generation of an Fab construct for expression in E. 
coli 

A chimaeric Fab containing the F58 variable domains 
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and the human IgGl CHI and Ck domains was constructed by 
ligating the F58 V-domains into *a vector containing the 
constant domains. ML3VHPCR1 containing the F58 VH was 
digested with PstI and BstEII. The resulting F58VH 
5 fragment was then purified on a 1.5 % agarose gel, isolated 
from the gel with Geneclean and ligated into pJM-lFabD1.3 
(PCT/GB91/01134) digested with PstI and BstEII. The 
ligation mixture was used to transform competent E. coli 
N4830-1 cells (Gottesman, M.E., Adhya, S. and Das, A. 

10 (1980) J. Mol. Biol. 140, pp57-75) and clones containing 
the F58 VH identified by restriction analysis of RF DNA. 
The F58 Vk was amplified by PCR with the primers Vk2BACK 
and Vk3FOR2 (Clackson, T. et al. (1991) supra.) using 
M13VkPCR containing the F58 Vk as template. The PCR 

15 product was digested with SacI and Xhol, purified on a 1.5% 
agarose gel, isolated from the gel with Geneclean and 
ligated into pJM-1 Fab vector containing the F58 VH 
digested with SacI and Xhol. The ligation mixture was used 
to transform competent E. coli N4830-1 cells and clones 

20 containing the F58 Vk identified by restriction analysis of 
RF DNA. 

(b) PCR and cloning of F58 chimaeric h&aw chain 

The F58 chimaeric heavy chain derived above was PCR 

25 amplified from F58 Fab clone DNA, using the primers 
VH1BACKSFI 1 5 and HUCH1F0RASCN0T (Tablel). The resulting ca. 
700bp fragment was digested with Pst I and Not I and cloned 
into Pst I and Not I -cut pUC19Sfi/Not/polymyc plasmid using 
standard procedures (Sambrook, J. et al. 1989, supra, and 

30 example 1 ) . 

( C ) construction of light chain rep ertoire 

Kappa and lambda-chain genes were amplified separately 
using an equimolar mixture of the appropriate family based 
35 BACK and FORWARD primers ( Table 1 ) . Kappa-chain genes were 
amplified from the cDNA synthesis using HUCKFOR primer, 
using an equimolar mixture of the 6 HUVKBACK la- 6a primers 



WO 93/06213 PCT/GB92/01755 

57 ' 
in conjunction with the HUCKFORSER primer. Lambda-chain 
genes were amplified from the cDNA synthesis using the 
HUCLFOR primer, and amplified using an equimolar mixture of 
the 7 HULBACK 1-6 primers in conjunction with the 
5 HUCLFORSER primer. In each case 50ul reaction mixtures 
were prepared containing 5ul of the supernatant from the 
appropriate cDNA synthesis, 20pmol total concentration of 
the BACK primers, 20pmol total concentration of the FORWARD 
primers, 250uM dNTPs , lOmM KC1, lOmM (NH«) 2 S0 4 , 20mM Tris.HCl 
10 (pH 8.8), 2.0mM MgC12, lOOmg/ml BSA and lul (1 unit) Vent 
DNA polymerase (New England Biolabs ) . The reaction mixture 
was overlaid with mineral (paraffin) oil and subjected to 
30 cycles of amplification using a Techne thermal cycler. 
The cycle was 94°C for 1 minute ( denaturation ) , 57°C for 1 
15 minute (annealing) and 72 «C for 2.5 minutes (extension). 
The products were purified on a 2% agarose gel, isolated 
from the gel by Geneclean (Bio- 101) and resuspended in 25ul 
. of H 2 0. 

Two different pullthrough reactions were now performed 
20 on each of the two light chain preparations . Kappa-chain 
g enes we re amplified in two reactions , using an equimolar 
mixture of the 6 HUVKBAAPA primers in conjunction with 
HUCKFORSERNOT. Lambda-chain genes were also amplified in 
two reactions, using an equimolar mixture of the 7 
25 HUVLBAAPA primers in conjunction with HUCLFORSERNOT . 
Pullthrough conditions were performed as for the primary 
light chain PCRs above except that 25 cycles of 
amplification were used. 

PCR products were digested with Apa LI and Not I using 
30 the standard format and cloned into Apa LI and Not I -cut 
fd-DOG as described in example 1. Phage were prepared from 
the library clones as described in example 1 and used to 
infect cells containing the heavy chain (see below). 



35 



(d) Production of shuffled Fab phage. 

Cells containing the F58 chimaeric heavy chain were 
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grown overnight at 37 'C in 2YTAG and 500ul added to 50 mis 
fresh 2YTAmp medium, prewarmed to 37 'C, in a conical flask. 
The cells were grown with shaking to OD600 of about 0.5 
before adding a total of 10 11 phage from the light chain 
5 repertoire. The culture was left at 37 'C for 45 minutes 
without shaking then shaken vigorously for another 45 
• minutes at 37' C before adding tetracyline to 15 ug/ml and 

shaking overnight. 

Phage were harvested by PEG precipitation of the 
10 culture supernatant as previously described (example 1) and 
used for selection experiments. 

(e) Panning of shuffl ed Fab phage. 

This was performed on maxisorb plates as previously 

15 described (Marks J. et al., 1991, supra.), with the 
exception that the tubes were coated with env gpl20 V3 loop 
peptide of HIV- 1 isolate IIIB dissolved to 10 ug/ml in 
water. This peptide was obtained from the AIDS-directed 
program (repository ref: ADP737) and has the sequence: 

20 CTRPNNNTRRSIRIQRGPGRAFVTIGKIGNMRQAHCN (SEQ ID NO 120) 

The phage eluted from the tubes were used to re- infect 
fresh cells containing the F58 chimaeric heavy chain and 
the panning/reinfection procedure repeated another three 
times . 
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(f ) Reclonina of selected lia ht chains . 

Selected light chains were PCR-amplified from fd-D0G 
Light chain DNA using primers G3LASCGTGBACK and 
HUCLFORS ERNOT or HUCKFORSERNOT . The G3 LASCGTGB ACK primer 
anneals upstream of the translational start of the gill 
signal in fd, and brings in an Asc I site and a ribosome 
binding site (RBS). These fragments were digested with Asc 
I and Not I and cloned into Asc I and Not I-cleaved 
PUC19F58 plasmid (as shown in fig 8) so as to create a 
cistron, enabling soluble Fab to be produced. This was 
analysed for peptide binding in ELISA and bound antibody 
detected by virtue of the myc tag peptide on the end of the 
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light chain, 
(g) ELISA 

This was performed as described below. 
5 l inoculate 100 ul 2 x TY, 100 pg/ml ampicillin, 1% 
glucose in 96-well plates ('cell \tab wells 1 , Nuclon) and 
grow with shaking (300. r. p.m.) overnight at.37'C. 

2 Use a 96-well transfer device to transfer small inocuia 
10 from this plate to a second 9 6 -well plate containing 200 ul 

fresh 2 x TY, 100 ug/ml ampicillin, 0.1% glucose per well. 
Grow at 37' C, shaking until QD600nm is approximately 0.9 
(about 3 hrs). To the wells of the original plate , add 25 
ul 60 % glycerol per well and store at -70' C. 

15 

3 Add 25 ul 2 x TY, 100 ug/ml ampicillin, 9 mM IPTG 
(final concentration 1 mM IPTG). Continue shaking at 30' C 
for a further 16 to 24 hrs. 

20 4 Spin 4,000 r.p.m. for 10 min and use 100 ul supernatant 
in ELISA. 

5 Coat plate (Falcon 3912) with 50 ul per well of peptide 
at 10 ug/ml in water. Leave overnight at room temp. 

25 

6 Rinse wells 3x with PBS, and block with 200 ul per well 
of 1%BSA/PBS, for Ihr at 37' C 

7 Rinse wells 3x with PBS, then add 25ul 6% BSA/PBS to 
30 all wells. 

8 Add 100 ul culture supernatant containing soluble Fab 
to the appropriate wells.. Mix, leave 1.5 hrs room temp. 

35 9 Discard test solution, and wash out wells 3 times with 
PBS, 0.05% Tween 20 and 3 times with PBS. Pipette 100 ul 
of 4ug/ml purified 9E10 antibody, in 2% Marvel/PBS, into 
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each well. Incubate at room temp, for 1.5 hrs- 

■ io Discard 9E10 antibody, and wash put wells with 3 times 
with PBS, 0.05% Tween 20 and 3 times with PBS. Pipette 
5 100 ul'ofi 1:500 dilution of anti-mouse antibody 
(peroxidase-conjugated anti-mouse immunoglobulins, 
Dakopats/ICN, or peroxidase-conjugated anti-mouse IgG 
Fc-specific, Sigma A-2554). Incubate at room temp, for 1.5 
hrs. 

11 Discard 2nd antibody, and wash wells 3 times with PBS, 
0.05% Tween 20 and 3 times with PBS. 

12 A dd one 10 mg ABTS (2,2'-azino 
bis(3-ethylben Z thiazoline-6-sulphonic acid) , diammonium 
salt) tablet to 20 ml 50 mM citrate buffer, pH4.5. (50 mM 
citrate buffer, pH4.5 is made by mixing equal volumes 50 mM 
trisodium citrate and 50 mM citric acid). 

13 Add 2 ul 30% hydrogen peroxide to the above solution 
immediately before dispensing. 

14 Add 100 ul of the above solution to each well. Leave 
room temp. 20-30 min. 

15 Quench by adding 50 ul 3.2 mg/ml sodium fluoride. Read 
at 405 nm. 

Note x- Alternatively, inoculate clones from 

transformation plate into 100 ul 2 x TY, .100 ug/ml 
ampicillin, 0.1% glucose in 96-well plates ( 'cell wells', 
Nuclon) and grow with shaking (300 r.p.m. ) 37'C, shaking 
until OD600nm is approximately 0.9 (about 6 hrs). Continue 
with step 3. 

Note 2: This method is based on that of DeBellis D. and 
Schwartz I., 1990 Nucl. Acids Res. 18: pl311. and relies on 
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the low levels of glucose present in the starting medium 
being metabolised by the time the inducer (IPTG) is added. 

Note 3: 1 Marvel 1 is dried milk powder. PBS is 5.84 g 

5 NaCI, 4.72 g Na 2 HP0 4 and 2.64 g NaH 2 P0 4 . 2H 2 0, pH 7.2 f in 1 
litre. BSA is Bovine Serum Albumin. 

(h) Subcloning selected light chains. 

Light chains were PCR- amplified from DNA of selected 
10 clones using an equimolar mix of the 7 HUVLBAS FI primers 
in conjunction with HUCLFORSERASCNOT or an equimolar mix of 
the 6 HUVKBASFIprimers in conjunction with 
HUCKFORSERASCNOT . Reaction conditions were as described 
for the primary PCR reactions above except that 25 cycles 
15 of amplification were used. PCR fragments were cut with 
Sfi I and Not I and cloned into Sfi I and Not I-cut 
pUC19Sf i/Not/polym yc then transformed into TGI. 

The panning/ infection process described above is 
essentially repeated again, this time with the positions of 
20 the heavy and light chains reversed. 

(i) CDR-imprinting VH 

VH domains were amplified from the pooled primary PCR 
material prepared as described below. 

25 Two preparations of PCR-amplif ied VH genes were made. 

Both preparations used an equimolar mixture of the HUJHFOR 
primers (Table 1); in one of the preparations, 6 separate 
PCR amplifications were performed with each of the HUVHBACK 
primers individually (Table 1), and in" the other, a single 

30 PCR reaction was performed with an equimolar mix of all 6 
HUVHBACK primers. For all seven PCRs, 50pl reaction 
mixtures were prepared containing of the supernatant 

from the cDNA synthesis using the HUIGMFOR primer, 20pmol 
total concentration of the BACK primers, 20pmol total 

35 concentration of the FORWARD primers, 250pM dNTPs , lOmM 
KC1, lOmM (NH 4 ) 2 S0 4 , 20mM Tris. HC1 ( pH 8.8 ), 2.0mM MgC12, 
lOOmg/ml BSA and 1^1 (1 units ). Vent DNA polymerase (New 
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England Biolabs). The reaction mixture was overlaid with 
mineral (paraffin) oil and subjected to 30 cycles of 
amplification, using a Techne PHC-2 thermal cycler. The 
cycle was 94 °C for 1 minute ( denaturation ) , 57 °C for 1 
minute (annealing) and 72 'C for 1 minute (extension). The 
products were purified on a 1.5% agarose gel, isolated from 
the gel by Geneclean (Bio-101) and resuspended in 25ul of 
H 2 0. The seven products were then pooled and ' pullthrough ' 
PCR reactions performed. 

Six separate pullthrough reactions were performed with 
the mutagenic F58GRAFTJH4SAL primer and each of the 
HUVHBAAPA1-6 primers individually. 

Pullthrough reactions were set up with the primers 
HUVHBAAPA (equimolar mix of all 6 primers) and HUJHFORSAL 
15 (equimolar mix of all 4 primers). 50ul reactions of 
containing 5ul of the pooled PCR products from the previous 
step were amplified using the same conditions as for the 
primary PCR except that 25 cycles of amplification were 
used, and the annealing temperature was 45 °C. 

The resulting VH fragments were pooled and cut with 
Apa LI and Sal I using standard conditions and cloned into 
Apa LI and Xho I-cut fd-DOG-GlCHl using standard protocols 
(Sail and Xho I produce compatible CTAG overh angs). Phage 
were prepared from this library as described above, this 
time using the heavy chain phage to infect cells carrying 
the selected light chains expressed in 
pUC19Sfi/Not/polymyc. 
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(j) screening of final heavy- liaht combinations. 

The end result of this process is a pool of selected 
heavy chains and a pool of selected light chains. These are 
now combined at random. Heavy chain clones are now 
PCR-amplified using an equimolar mix of all 6 HUVHBACKSFI 
primers in conjunction H0CH1F0RA SCNOT using the procedure 
described in example 1. These fragments are cut with Sfi I 
and Asc I and gel-purified using standard procedures 
(Example 1), then ligated to equimolar quantities of Asc 
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I-Not I -cut light chains produced in step f ) above and Sfi 
I and Not I-cut pUC l9Sf i/Not/polymyc vector, also produced 
earlier. Alternatively, these Sfi I-Asc I fragments replace 
the F58 heavy chain in the constructs shown at the end of 
5 fig 8 (A). These constructs were then transformed into TGI 
and analysed for peptide binding activity by ELISA as 
described above. 

The end-products are completely human Fab fragments 
with the same or similar antigen-specificity as the parent 
10 rodent antibody. 

Example 3 

Humanising rodent antibodies using ran dom combinatorial 
phace display libraries and CDR grafting ( CDR imprinted 

15 selection) 

In the work described in this example the mouse 
anti-HIV-1 gpl20 monoclonal, antibody F58 was humanised as 
shown schematically in fig. 9. A vector ( pHENMBF58VL ) was 
constructed carrying the F58 Vk-domain, the single chain Fv 

20 linker and the first residues of a human VH-framework 4 
with a Xhol restriction site. This vector allows, the 
cloning of VH repertoires as Nco I /Sal I fragments to give 
complete scFvs. A human repertoire of VHs was amplified by 
PCR in such a way that each heavy chain contained the CDR3 

25 of the original mouse mab F58 and a human framework 4 and 
was finally cloned into pHENMBF58VL. The scFv library was 
selected for binding to a HIV-1 gpl20 derived peptide. 
Heavy chain variable domains from selected scFvs were then 
combined by PCR-assembly with a repertoire of human light 

30 chain variable domains to give fully humanised scFvs and 
again selected for antigen binding. The procedure 
illustrated here is therefore a synthesis of CDR-grafting 
and combinatorial phage display libraries. 

35 i . PCR amplification; cloning and seguencing of the F58 

variable domains 
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' were described in example 2. Standard. PGR conditions 
are as in example 1 . 

2 Construction of the F58 scFv 
5 The VH and VL domains characterised above were 

assembled to form, scFv fragments, basically as described 
by Clackson et al, 1991, supra. 

Sequences of the primers mentioned in section 2.1 are 
given in Clackson et al (1991 supra) except for VHlBACKSfx 
10 which is described in Hoogenboom et al, supra. 

2 .! nno a n,mifica ^™ the FSR VH and VT. and the 

ppp-assambly procedure 

About 1 ng of M13VHPCR1 (Orlandi et al, 1989 supra) 
15 containing the FSB VH and 1 ng of MlSVkPCR (Orlandi et al, 
1989 supra) containing the F58 Vk were used as template in 
two separate, but in terms of cycling conditions identical, 
PGR amplifications: Two 50 ul reactions were prepared 
containing 1 ng of either the above mentioned templates, 20 
20 pmol VH1BACK and 20 pmol VH IFOR- 1 (20 pmol VK2BACK and 20 
pmol VK4F0R to amplify the VL) , 250 uM dNTPs , 5 ul lOxVent 
polymerase reaction buffer (as obtained from the supplier 
New England Biolabs) and 2 units Vent DNA polymerase. The 
amplifications were performed with 25 cycles of PCR (94'C 
25 for 1 min, 55'C for 1 min, 72'C for 2 min). 

The linker DNA was similarly amplified from about 1 ng 
of template DNA P SW2scD1.3 (McCafferty et al.. Nature 348, 
552-554, 1990) using the primers LINKBACK and LINKFOR 
(Clackson et al., 1991, supra). 
30 After gel purification 1 ug each of the VH and the Vk 

product were mixed with 300. ng of linker in a 25 ul PCR mix 
without primers, and cycled 7 times(94'C 2 min, 72'C 4mxn) 
to join the fragments, then amplified for 20 cycles (94'C 
1 5 min 72'C 2.5 min) using 25 pmol each of VH1BACK and 
35 VK4F0R primers. Finally, the assembled product was gel 
purified and reamplified with the primers VHIBACK-Sfil and 
VK4F0R-NotI to append restriction sites ( Note VK4FOR and 



WO 93/06213 



PCT/GB92/01755 



65 

VK4F0R-NotI are equimolar mixture of 4 different primers). 
The F58 scFv was then digested with Sfil and NotI and 
cloned into the similarly digested vector 
pUC119Sfi^Notpolymyc. Recombinants were subsequently 
5 verified by DNA sequencing. 

3. Construction of the vector PHENMBF58VL 

10 ng of purified pUC119F58scFv DNA from the clone 
isolated above was used as template in a standard PCR 
10 amplification with the primers HuVHLBACK-XhoI and 
VK4F0R-NotI. The PCR product was purified, digested with 
Xhol and Notl and cloned into the similarly digested vector 
pHENl to generate the new vector pHENMBFS 8VL . 

15 4. Amplification and cloning of the human hea w chain 
repertoire 

4.1. Preparation of the cDNA template 

The procedure was exactly as described in example 
2(a)(1) using the IgM constant region forward primers 
20 described by Marks et al, 1991, supra and in WO 92/01047. 

4.2. PCR of Heavy chain variable domains 

The 6 separate reactions to amplify the heavy chain 
variable domains contained each 2 ul of the cDNA synthesis 

25 from above, 20 pmol of the individual HUVHBACKSfi primers 
and 20 pmol of the primer F58GRAFTSAL in an otherwise 
standard PCR mixture. Since the primer F58GRAF TSAL had to 
anneal to the framework 3 regions of the 6 human VH 
families, the annealing temperature for the PCR cycling was 

30 reduced to 45'C. The PCR was run for 25 cycles (94'C 1 min, 
45 ! C 1 min, 72' C 1 min), after which the products were gel 
purified. To obtain more material for the subsequent 
cloning steps a secondary PCR was performed using the same 
series of HuVHBACKSfi primers and the primer Hu JH4F0RSalI ,. 

35 the conditions were as above with the exception of an 
annealing step at 52' C instead of 45* C. 
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5. GenesatiSB of th* sr.Fv library . 

Equal amounts each of the PGR products from above were 
pooled and digested with Ncol and Sail- 1 ug of this 
Lerial was ligated into 3 ug of Ncol/Sall digested vector 
PHENMBF58VL. The Ligation reaction was processed and used 
for the transformation of TGI cells as described xn 
Hoogenboom et al supra and WO 92/01047. 

6 selection of the scFv library for antigen binders 

The infection of the library in TGI with helper phage 
VCSM13 and the processing of the phages for the subsequent 
rounds of selection was done as described (Hoogenboom et 
al 1991, supra and WO 92/01047 ) . For each selection, 8 
wells of a Maxisorp plate ( NUNC) were inoculated with a 
50ul solution of 3ug/ml peptide in water. The wells were 
allowed to dry completely over night, blocked with 1% BSA 
in PBS for 30 min at room temperature and finally washed 2x 
wi th PBS. To each well were added 50 ul of phage and 150 
U l of Tris-HCl, P H 8.3, 0.5 M NaCl, 4% BSA. After 2 hrs the 
wells were washed 3x with Tris-HCl, pH 8.3, 0.1 M NaCl and 
3x with Tris-HCl, P H 8.3, 0.5 K NaCl. Elution of bound 
phages and infection TGI cells was performed as described 
(WO 92/01047). Briefly: Phages were eluted with 50 ul of 
100 mM Triethylamine per well for 10 min. The eluted 
m aterial was than immediately neutralized with 1/2 volume 
of 1 M Tris-HCl, P H 7.4 and used to infect logarithmically 

growing TGI cell. 

The peptide antigen corresponds to the gpl20 V3 loop 
of the HIV-1 isolate IIIB and was obtained from the 
AlDS-directed program of the MRC (repository reference 
ADP737). The sequence is: 

YCTRPNNNTRRSIRIQRGPGRAFVTIGKIGNMRQAHCY (SEQ ID NO 121) 

7. Analysis of sele cted scFvs 

After 3 rounds of selection an aliquot of the eluted 
phages was used to infect HB2151 cells to allow for 
expression of soluble scFvs. The identification of 
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individual binding clones by peptide ELISA was done as 
described previously in example 2 except that . scFv 
fragments rather than Fab fragments were prepared. 

About 15% of the analysed clones scored positive at 
5 this stage, giving ELISA signals of 50%-150% of the signal 
obtained with the original F58 scFv which was run as a 
control on the same plate (see fig. 10 ). None of the 
positive scFvs reacted with plastic, Hen eggwhi*te lysozyme 
♦or human thyroglobulin. 
10 Nucleotide sequence analysis revealed that the 

positive clones contained somatically mutated human 
VH-genes derived from germ line genes of the VH-families 1 
and 6 (see fig. 11). 

15 8. Replacing the F58 light chain variable dom ain by a 

repertoire of human light chain variable domains 

About 10 ng of the pooled clones, which have been 
shown to be active in . the peptide ELISA, were used as 
template in a 50 ul standard PCR amplification to obtain 

20 the selected heavy chain variable domains. As primers were 
used 20 pmol of each LMB3 and Hu JH4F0RASSXhoI . The human 
light chain variable domains were amplified from an 
IgG-scFv library (W0 92/01047 example 42) using 50 ng of 
DNA as template with the primers fdSEQl and HuVHLBACK in a 

25 standard PCR amplification. The products of both heavy and 
light chain amplifications were gel purified and used in a 
PCR assembly (1 ug each) for 7 cycles essentially as 
described above. Cycling conditions were 94' C 1 min, 55 f C 
1 min and 72 ! C 2 min. After completing the assembly 

30 reaction the primers LMB3 and fdSEQl were added (20 pmol 
each) and the PCR was continued for further 20 cycles. The 
assembled products were gel purified and digested with Ncol 
and Notl. Finally 1 ug of cut scFvs were ligated into 3 ug 
of the Ncol/Notl digested vector pHENl. The resulting 

35 library scFv was selected as described above (step 6). 
Finally individual clones were screened for binding to the 
V3 loop peptide as mentioned before (step 7). 
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The end products are completely human scFv fragments 
with the same or very similar specificity as the parent 
murine antibody F58, ie they bind to g P 120 V3 loop but not 
to heterologous proteins.' 

Kxanrole 4 

n-F hum *n antibodies derived from the immune 
rrrrr ^«~ of *n ijnnumiged mousP by epitope imprinted 
selection 

This example describes the generation of human 
antibodies specific for TNF-alpha from an original library 
of mouse antibodies derived from an immunised mouse by 
successive rounds of chain shuffling, illustrating a 
further embodiment of the present invention. The method 
15 depends upon the fact that an intermediate VH/VL 
combination, where one chain is mouse and the other is 
human, binds to the antigenic epitope to which the original 
mouse VH/VL pairings are directed. 

in this example, it is preferable to increase the 
frequency of antibodies to the antigen, here TNF-alpha, in 
the mouse library by preselecting the mouse library for 
binding to the antigen. This population of mouse 
antibodies can then be humanised by chain shuffling. The VH 
chains from the selected mouse population are kept fixed 
and assembled with a set of human VL chains from a naive 
human library. This mouse VH/human VL library is then 
subjected to rounds of selection for binders to the antigen 
of interest. This selected population of semi-humanised 
antibodies is then fully humanised by pairing these human 
30 VLs with human VHs again derived from a naive human 
library. The resulting library can then be selected for 
binders specific for the antigen. Conversely, in the first 
instance mouse VL chains can be fixed and assembled with 
human VH chains, and after selection for binding to antigen 
35 fully humanised by pairing the isolated human VH chains 
with VL from the naive human library. 
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1. Preparation of ' single chain Fv phage display library 
from an immunised mouse 

RNA is extracted from lymphocytes prepared from the 
spleen of a mouse hyperimmunised with TNF-alpha. DNA 
5 sequences encoding variable regions of the heavy and light 
chains are amplified by PCR and assembled as single chain 
" Fv fragments as described in WO 92/01047. Sites are 
incorporated into the 5 ' and 3 ' ends . for restriction 
endonucleases ApaLl and Notl. Following digestion with 
10 ApaLl and Notl the assembled DNA is ligated into ApaLl/Notl 
digested pCANTAB3-myc (Figure 12) and electroporated into 
E.coli TGI cells and plated on ampicillin selection media 
(see protocol (h) below). 

. 15 2. Selection of phage displaying mouse scFv fragments 
binding to TNF. 

Phagemids are rescued by superinfection with M13K07 
helper phage and precipitated using 1/5 volume 20% 
polyethylene glycol/ 2. 5 M NaCl. A selected population of 

20 TNF-alpha binding phage antibodies is prepared by panning 
the phage antibodies on TNF-alpha coated immunosorb tubes 
(1 raL, lOug/mL in PBS) and eluting with 1 mL lOOmM 
triethylamine for 5 minutes followed by neutralisation with 
0.5 mL TRIS (1M, pH 7.4). 

25 The eluted phage is used to infect 10 mL TGI cells in 

logarithmic growth for 30 minutes at 37 f C and plated for 
ampicillin resistant colonies. The resulting colonies are 
scraped into 2YT media and rescued with M13K07. Phage 
antibodies are selected once again on TNF-alpha coated 

30 immunosorb tubes as above. E.coli TGI cells are infected 
with the eluted phage and plated and ampicillin resistant 
colonies are scraped into 2YT media and glycerol added to 
15% and stored at -70 'C. The frequency of clones binding to 
TNF in the selected population is checked at this stage by 

35 EL ISA as described in example 1. 

3. Preparation of DNA as source of fragments for chain 
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shuffling 

Human heavy and liaht chain DNA 

A library encoding scFv fragments derived from the V 
5 genes of unimmunised humans has been constructed in the 
vector pHENl (WO 92/01047, example 42). 

DMA preparation 

Miniprep DNA was prepared by alkaline lysis from the 
10 colonies of the second round of selection (mouse DNA) and 

from the naive human library (human DNA). 

Approximately 5 x 10 7 cells from glycerol stocks are 

grown overnight at 30 'C in 10 mL 2YT media containing 100 

ug/mL ampicillin, 2% glucose- The cells are pelleted by 
15 centrif ligation (3500 rpm, 15 minutes). and DNA prepared from 

the cell pellet by alkaline lysis using a commercially 

available kit (Pr omega). 

4 # Preparation of DNA encoding chain shuffled — scFv 

20 fragments 

The following primers are used: 

LMB3 5'CAG GAA ACA GCT ATG AC 3 1 SEQ ID NO: 122 

FDTSEQ1 5'GTC GTC TTT CCA GAC GTT AGT 3' SEQ ID NO: 123 

PCRHLINK 5'ACC GCC AGA GCC ACC TCC GdC 3' SEQ ID NO: 124 

25 LINKPCRL 5' GGC GGA GGT GGC TCT GGC GGT 3 SEQ ID NO: 125 

LMB3 and FDTSEQ1 anneal, respectively, to sequences 5 f 
and 3 ! flanking the antibody cloning sites of the pCANTAB 
series of vectors. PCRHLINK and LINKPCRL and anneal with 

30 the sequence encoding the (gly4ser3) peptide linker. Using 
the primers in pairs LMB3 /PCRHLINK and FDTSEQ1/ LINKPCRL in 
PCT amplifications, heavy and light chain fragments will be 
generated that have complementary 375 f ends and 
restriction recognition sites at the 5' /3' ends. 

35 In this procedure the human library described by Marks 

et al., 1991 (supra) is used as the source of heavy chain 
and light chain variable domain encoding DNA. The following 
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15 



20 



25 



chain shuffling protocol is used for each shuffle. It is 
followed once for, e.g. shuffling human naive light chain 
variable domains with the mouse heavy chain variable 
domains and then again with the selected human light chain 
variable domains with the human naive heavy chain variable 
domains- The DNA encoding shuffled scFv fragments produced 
by this procedure is inserted into pCANT AB3 -myc or 
pCANT AB 5 -myc (Figl3) depending on whether mouse VH genes or 
human VH genes have been used in the shuffle respectively. 

(a) Primary PCR 

Prepare primary heavy and light chain products in the 
following reactions: 

LIGHT 



HEAVY 



Miniprep DNA 
(e-g. mouse) 
LMB3 p'rimer 
( lOpmoles/ul ) 
PCRHLINK primer 
( lOpmoles/ul) 
10X PCR 

reaction buffer 1 
5mM each dNTP f s 
Taq polmerase 
(5U/ul) 
water 



2ng 

2.5ul 

2.5ul 

5.0ul 
2.5ul 

0.3ul 
37ul 



Miniprep DNA 2ng 
(e.g. human) 
FDTSEQ1 primer 

(*10pmoles/ul ) 2 . 5ul 
LINKPCRL primer 
( lOpraoles/ul ) 2 . 5ul 
10X PCR 

reaction buffer 1 5.0ul 
5mM each dNTP 1 s 2 . 5ul 
Taq polymerase 
( 5U./ul ) 0.3ul 
water 37ul 



The "reaction buffer" is 10X PCR reaction buffer: O.'IM 
30 TRIS pH 8.3, 0.5M KCl r 15 niM MgCl 2/ 0.1% gelatine. 

PCR conditions are. 25 cycles of 94' C 1 minute, 60 f C 1 
minute, 72'C 2 minutes with a final 10 minutes at 72' C . 

(b) Product purification 
35 Primary PCR products are purified on agarose gels and 

purified using 5ul of "glass milk" (Geneclean, Bio 101) 
with .two elutions in water of lOul each. 



(c) Assembly bv PCR 

40 Assembly is carried out as follows\: 

purified heavy 2.5ul 

purified light 2.5ul 
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10X reaction buffer 2ul 

5mM each dNTP's l.Oul 

Taq polymerase 0.2ul 

water 37ul 

PCR conditions are 25 cycles of 94 'C 1 minute and 65'C 
for 4 minutes, followed by a final 10 minutes at 72'C. The 
PCR conditions given for the primary PGR will also work, 
but 65'C is preferred for the linkage reaction. 

(d) Secondary PCR 

For secondary PCRs use lul of the linked material from 
(c) as template. Set the reaction up as follows: 

15 linked PCR product lul 
LMB3 primer 

lOpmoles/ul ) 2.5ul 
FDTSEQ1 primer 

( lOpmoles/pl > 2 . 5ul 
20 10X PCR 

reaction buffer 5.0ul 

5mM each dNTP's 2.5ul 
Taq polmerase 

(5U/ul) 0.3ul 

25 water 37ul 

PCR conditions are 25 cycles of 94 'C 1 minute, 60' C 1 
minute, 72'C 2 minutes with a final 10 minutes at 72'C. 

30 (e) Digestion of secondary PCR prod uct f insert) 

Extract the secondary PCR product with 
phenol: chloroform and ethanol precipitate, to remove Tag 
polymerase. Dissolve the PCR product in 270ul of water, add 
30ul of 10X reaction buffer. Add 50 units Notl and digest 

35 at 37' C for 3 hours. Extract with phenol -.chloroform and 
ethanol precipitate. Resuspend the pellet in 270uL water, 
and add 30 uL 10X reaction buffer. If the VH used is human 
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use Sfil (50 units) and digest overnight at 50* C, whereas 
if the VH is mouse use ApaLl (50 units) and digest 
overnight at 37' C. 

10X ApaLl buffer: 0.5M potassium acetate, 0.2M 
5 TRIS-acetate, lOOmM magnesium acetate, lOmM dithiothreitol 
(pH 7.9 @ 25'C). 

10X Notl buffer: 1.5M NaCl, lOOmM TRIS-HC1, lOOmM 
MgCl 2 , 0.1% Triton X-100 (pH 7.9 @ 25'C). 

10X Sfil buffer: 0.5M NaCl, lOOmM TRIS-HC1, lOOmM 
10 MgCl 2 , lOmM dithiothreitol (pH 7.9 @ 25'C). 

( f ) Purification of digested product 

The digest is treated with phenol : chloroform, ethanol : 
precipitated and dissolved in 20 ul water. The product is 
15 run out on a 1.5% agarose gel, the band at approximately 
750 bp is excised from the gel and purified using a 
geneclean kit. The DNA is eluted into a final volume of 
10-15ul water. and is ready for cloning. 

20 5. Preparation of vector DNA and cloning 
. Preparation of vector DNA 

Plasmid DNA is prepared by the alkaline lysis method 
and is purified by cesium chloride centrif ugation. The 
purified DNA is digested using a DNA concentration of 

25 lOOug/ml with Sfil (for pCANTAB5-myc ) or ApaLl (for 
pCANTAB3~myc) according to manufacturers instructions (50'C 
for Sfil, overnight if convenient) followed by a 3 hour 
digestion with Not 1. The digestion product is loaded on 
directly on to a Chromaspin 1000 column to remove the 

30 stuff er fragment and spun for 3 minutes at 2200 r.p.m. in 
a bench top centrifuge . The DNA was then 

phenol: chloroform extracted and dissolved at lOOug/ml for 
use . 

35 Ligation and transformation - 

Ligations are carried out using an Amersham ligation 
kit as follows: 
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Vector DNA lul(lOOng) 

insert DNA 2pl(10-50ng) 
lOmMMgCl, 

200mM Tris pH7.4 3pl - 

5 buffer A 24pl 

buffer B 6ul 

Incubate for 30-60 minutes at 16 'C. For library 
preparation, use 5 times the volumes shown above. The 
10 ligation product is concentrated and purified using 
Geneclean and eluted into a volume of 10-15 ul of water. 
This is introduced into electrocompetent TGI cells where 
typical transformation efficiencies are as follows: 

pUC119 1.6 X 10* transformants/pg 

15 ligated vector t 

with- insert 1-0 X 10 7 transformants/pg 

ligated vector. 

without insert 2.0 X 10 6 transformants/pg 

20 6. Selection of chain shuff led clones 

After each chain shuffling procedure clones which bind 
to TNF-a are selected by the procedure described in 2 above 
for selection from the mouse antibody library and binding 
assayed by ELISA. 

25 

7. Further shuffles 

Following the initial shuffle e.g. of a selected 
population of mouse heavy chain variable domains with human 
naive light chain variable domains, the selected clones 

30 from this first shuffle are used as a source of miniprep 
DNA to repeat the chain shuffling and cloning procedure 
described in 4 and 5 above, e.g. with the human naive heavy 
chain variable domains of the library derived in WO 
92/01047, example 42. Selection is then performed on this 

35 second shuffled library to isolate fully humanised 
antibodies binding to TNF-alpha derived by this repertoire 
imprinted selection procedure. 
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Example 5: Creation of a Synthetic Library 

-By display of antibody repertoires on the- surface of 
filamentous phage and selection of the phage with antigen 1 , 
5 we can mimic immune selection 23 and make human antibodies 
from the rearranged V-genes of unimmunised donors 4 * Human 
antibodies have now been made by synthesis from defined V- 
gene elements. A repertoire of 49 human germ, line V H gene 
segments was rearranged in vitro by joining to a synthetic 

10 M D-segment" of five random amino acid residues and a J- 
segment, to create a synthetic third complementarity 
determining region 5 (CDR) of eight residues. The rearranged 
V H genes were cloned with a human VX3 light chain as single- 
chain Fv fragments for phage display. The library of 10 7 

15 phages was panned with a hapten 2-phenyl-oxazol-5-one 
(phOx) conjugate to bovine serum albumin (BSA), and phage 
isolated that encoded fragments with specific binding 
activity to phOx-BSA, and with affinities to phOx-gamma- 
aminobutyric acid (phOx-GABA) in the micromolar range. 

20 Comparison of twenty one clones with unique sequences 
showed that the in vitro "immune, response" to the hapten 
was largely restricted to the V H 26 segment (V H 3 family) 6 with 
an invariant aromatic residue (Tyr, Phe, Trp) at residue 98 
of CDR3. The use of V-genes rearranged in vitro may allow 

25 the design of antibody libraries biased towards the binding 
of antigens of known structure, and the creation of 
therapeutic human antibodies with reduced immunogenicity. 

Antibody variable domains consist . of a B-sheet 
framework with three loops of hypervariable sequence or 

30 CDRs 5 . The loops create antigen binding sites of a variety 
of shapes, ranging from flat surfaces 7 to pockets 8 . For 
human heavy chains, the sequence diversity of the first two 
CDRs are encoded by a repertoire of about fifty germ line 
V H segments. (IvM. Tomlinson et al., supra). The third CDR 

35 is generated from the recombination of these segments with 
about thirty D and six J segments'-, and although its 
sequence is highly variable, it often includes a salt 
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bridge from AsplOl of the loop to Arg94 of toe framework". 
The structures and lengths of the first two CDRs are 
restricted 10 -", but those of CDR3 differ greatly, with 
lengths ranging from 4 to 25 residues 5 - . 
5 A library was created of rearranged V K genes with a 

CDR3 of eight residues including AsplOl, in combination 
with a single V?. (ref.12) light chain. Forty nine germ 
line V H segments encoding most of the human V H repertoire 
(Tomlinson et al., supra) were each amplified using the 
10 polymerase chain reaction" and oligonucleotide primers that 
introduce a synthetic D-segment (of 15 bases of random 
sequence at the 3' end of the V H segment) and a J-segment, 
together encoding a CDR3 loop of eight residues (Fig. 14). 
The rearranged segments were pooled and cloned for phage 
15 display with a human V\3 light chain, creating a synthetic 
library of 10 7 phage clones. Like the immune system, the 
synthetic library of 10 7 phage clones can tap only a small 
fraction of the potential diversity. Thus the diversity is 
potentially 49 x 32 s = 1.6 x 10 9 different nucleotide 
20 sequences, or 49 x 20 s = 1.6 x 10 6 different amino acid 
sequences . 

The library was subjected to four rounds of growth and 
panning on phOx-bovine serum albumin (BSA) coated tubes, 
and clones screened as soluble" single chain Fv 

25 fragments 15 - 16 for binding activity to phOx-BSA by ELISA 4 . 
After the third and fourth rounds, 14/96 and 61/96 clones 
respectively were identified with binding activities to 
phOx-BSA and of these (29 tested) none bound to other 
proteins (see legend Table 4). Furthermore their binding 

30 to phOx-BSA coated plates could be competed with the 
soluble hapten (Table 4). 

Sequencing revealed that many (21/29) of the phOx 
binders were unique, with an eight residue CDR3 , and 
utilised either a segment from the. V H 4 family, or one of 

35 three segments from the V H 3 family (Table 4). Together 
these segments use three of the seven "canonical" folds 
available to the first two hypervariable loops of human V„ 
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segments. (C. Chothia, et al. # supra).. The majority of the 
unique clones (16/21) were derived from the VH26 segment 6 
and have related sequences in the third hypervariable loop: 
in this group the first residue tends to have a branched 
5 aliphatic side chain (15/16), the second residue tends to 
be lysine or arginine (11/16), while the fourth residue is 
always an aromatic residue ( most frequently tyrosine ) . 

The affinities (K d ) of two of the stronger binders (Ox 
13 and Ox-31, Table 4) for phOx-GABA were determined by 

10 fluorescence quench titration 17 as 3.1 ± 0.2 pM and 6.7 ± 
0.7 uM respectively. Although the synthetic antibody 
library lacks the diverse VH-CDR3 lengths and the different 
light chains of antibodies made in vivo , the affinities for 
phOx-GABA compare with 0.5 uM for a (phage) antibody made 

15 from unimmunised human donors 4 , or luM for several 
hybridomas from a mouse primary immune response 18 (but see 
caveat , Table 3 legend). To improve these affinities, one 
could systematically alter (see below) the many different 
phOx antibodies selected ( Table 3 ) . 

20 In principle, the use of phage display libraries of V- 

genes rearranged in vitro offers an attractive alternative 
to those rearranged in vivo 4 . Firstly the framework regions 
and first two hypervariable loops of both heavy and light 
chains of the synthetic human antibodies created from the 

25 library are essentially germ line. This contrasts with the 
"primary" phage antibodies tapped from human V-genes 
rearranged in vivo , in which the extent of somatic mutation 
varied widely 4 . Leaving aside polymorphism, the VH gene 
segments are identical in different- individuals, and the 

30 synthetic antibodies are potentially less immunogenic. By 
altering the lengths and sequences of the heavy and light 
chain CDR3 loops, or by localising the minimal mutations in 
the other CDR loops, or by shuffling with synthetic "germ 
line" light chains 19 ' 20 , it may be possible to improve their 

35 affinities while retaining their germ line character. 

Secondly both kinds of libraries are highly biased. 
In the "natural" libraries, the bias is outside our 
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control, and is imposed for example by allelic variation, 
deletion polymorphism and deletion of self-reactive clones. 
Xn the synthetic library, the bias can be introduced 
systematically- Here for example, ■ all the VH-gene 
segments, were chosen and thereby the folding of the first 
and second hypervariable loops: also fixed were the length 
and diversity of VH-CDR3 and the light chain. Although 
several ways of making diverse synthetic libraries have 
been suggested 2 , it should also be possible to incorporate 
design principles into the encoded structures. If the 
shape of the antigen were known, an envelope of roughly 
complementary binding sites might be designed and built 
with defined V-gene elements. Use of such "designer" 
libraries would favour the isolation of antibodies with 
higher affinities. 



Table 3 



40 



20 


Family 


No. of 
genes 


VH segments* 


Library size 
x 10- 6 (%) 




v K i 


14 


1-5,7,8,10,12, 
14, 15,20,21,25 


2.3 


(20) 


25 


V„2 


1 


27 


1.0 


(9) 




V„3 


23 


29-33,35,38-40, 
42,44-54,58,59 


2.1 


(19) 


30 


V H 4 


9 


63-71 


2.6 


(23) 




V H 5 


1 


73 


1.4 


(12) 




V„6 


1 


74 


1.9 


(17) 


35 


Total : 


49 




11.3 


(100) 




*for simplicity V H 


segments are listed 


according 


to 



DP nomenclature of Tomlinson et al., supra. 

Table 3 - Composition of the syn thetic library 

Forty nine human V H segments (Tomlinson et al, supra) 
were used, one for each of the V H 2, V H 5 and V H 6 gene families 
and multiple segments for the other three families, and 
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cloned according to family. Clones from the V H segments of 
each family (see legend Fig.l) were checked for presence of 
insert (on average 85%) and pooled into a single large 
library as in Table 4, creating a (controlled) bias for 
5 certain gene families. The segments from the V H 2, V H 5, V H 6 
families are thereby "overrepresented" with respect to the 
segments from other families. Sequencing of thirty five 
clones from the unselected library confirmed that V H 
segments from each family were present, and that the 

10 nucleotides were present in the expected ratios in the D- 
segment, but with a slight bias for C. (At the first and 
second position of each codon, A, 21,3%; G, 17.9%; C33.7% 
and T, 27.1%; at the third position, G, 42.6% and T, 
57.4%). The expression levels of the antibody fragments 

15 were also checked, and V H segments were identified in clones 
with detectable expression levels, for example V H 1 (DP-7), 
V H 2 (DP-27), V H 3 (DP-29,35,38,44,47,51,53), V H 4 (DP-63,69), 
V H 5 (DP-73) and V H 6 (DP-74). 

20 Methods 

The clones were checked for presence of insert by 
1 PCR-screening 1 21 with oligonucleotides LMB3 and pHEN-SEQ 
(ref .4) and sequenced from double-stranded DNA by the 
dideoxy chain termination method 22 with oligonucleotide 

25 LINKSEQ (5'-CGA TCC GCC ACC GCC AGA G-3 ' ). (The numbers in 
the tables are corrected for insert ) . Expression of 
soluble scFv fragments was checked by spotting lOpl 
supernatant of induced overnight cultures in E. coli HB2151 
(ref. 14) onto a nitrocellulose filter using a slot-blot 

30 device (Minifold II Schleicher and Schuell ) , and detecting 
the bound peptide-tagged scFv fragments with 9E10 antibody 23 
and peroxidase labelled ant i -mouse antibodies < Sigma). 



35 
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Table 4 



10 



15 



20 



25 



30 



Clone Family Germline 

gene* 



Ox-31 

Ox- 15 
Ox-18 

Ox-33 

Ox-13 

Ox-9 

Ox-7 

Ox-30 

Ox-12 

Ox-5 

Ox-3 

Ox-20 

Ox-21 

Ox-4 

Ox-10 

Ox- 14 

Ox-19 

Ox-25 

Ox-27 

0x-2 s 
Ox-1 



Canonical Loop 
structure* 



u 50 



V„3 



V„3 



V„3 



V„4 



DP-42 
DP-45 

«l 

DP-47 



DP-67 



1-1 
1-1 

1-3 



26 

>300 
>300 

20 
50 
80 
86 
86 
86 
100 
125 
125 
125 
130 
150 
180 
250 
>400 
If 

>400 
>400 



* Tomlinson et al., supra, Chothia et al. , supra. 

* in uM, according to competition ELISA with 
35 phOx-GABA. 

5 shows V67A mutation in FR3. 
V Not determined. 

Ta hlP A - ohOx-hinders isolated f r om the svn1-hPtic library 
40 Phage were prepared from the library by rescue with 

VCS-M13, and subjected to rounds of panning in phOx-BSA 
coated tubes as in ref.4. The sequences of 21 phage 
binding to phOx revealed four germ line VH segments, DP- 
42, 45,47 (VH3 family) and DP-67 (VH4 family). DP-47 is 
45 identical to VH26 (ref.6, corrected in ref.24), while DP- 
42, DP-45 and DP-67 only differ in one or a few framework 
residues from 8-1B (ref.25). 65-2 (ref.26) or VH4.22 
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(ref.27) respectively. Clones from the unselected library 
using the DP47 V„ segment and lacking the characteristic 
• pattern of CDR3 did not bind to phOx. Of the' 21 phOx 
binders tested, none bound to BSA, NIP-BSA, plastic, 
5 chymotrypsinogen A, cytochrome c, bovine thyroglobulin, 
keyhole limpet haemocyanin or turkey egg white lysozyme. 
Four clones that bound to BSA (but not to phOx) were found 
to be contaminants (aBSA3 clones, from ref.4). 

10 Methods 

As in ref.4. The relative affinities of the scFv 
fragments were determined by inhibition ELISA 28 . A serial 
dilution of 4-gamma-amino-butyric acid methylene 2-phenyl- 
oxazol-5-one (phOx-GABA), with concentrations ranging from 

15 6 to 400^M, was made in 4% Marvel-PBS, and scFv supernatant 
added. The concentration of phOx-GABA resulting in a 50% 
reduction of the signal (I 50 ) for binding to phOx-BSA was 
noted. The affinities of the clones Ox- 13 and Ox-31 for 
phOx-GABA were determined by fluorescence quench titration 

20 using scFv purified by the c-myc tag (ref.4). Ideally, the 
affinity for the phOx-BSA conjugate would have been 
measured directly, or that for phOx-caproic acid, but phOx- 
GABA was used here to allow comparison with the hybridoma 
data of ref.18. The affinities of the antibodies for the 

25 phOx conjugate, or for phOx-caproic acid are likely to be 
better than those measured for phOx-GABA. 

Figure 14 - Assembly of rearranged VH genes ( see text ) 
Methods 

30 A synthetic oligonucleotide SYNLIB1 5' GCC TCC ACC TCT 

CGA GAC GGT GAC CAG GGT ACC TTG GCC CCA ATA GTC AAA 
([A/C]NN) 5 TCT TGC ACA GTA ATA CAC GGC CGT GTC 3' (SEQ ID 
NO: 109, see Table 1) introduced a D-segment' with a five 
residue random amino acid sequence, a J-segment and an Xho l 

35 restriction site, to the 3 ' end of each of 49 human V H 
germline segments (Tomlinson et al., supra). The primer 
was used in the polymerase chain reaction 13 with a V H family 
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based back primer (VHBACK) incorporating an Ncol site 4 . 
. Each V K segment clone (provided as single stranded template 
in M13 vector) was amplified separately at 94 'C for 1 min, 
50°C for 1 min, and 72»C for 1.5 min, for 25 cycles, on a 
5 PHC-3 thermocycler (Techne). Each amplification was 
checked by electrophoresis on agarose gel, and similar 
amounts of DNA from V H segments of the same family were 
pooled, digested with Ncol and Xhgl, and cloned into the 
vector pHENl (ref .14) carrying a rearranged V\3 light chain 

10 variable domain (IGLV3S1; ref. 12) taken from a scFv 
fragment binding to BSA 4 . 

If, instead of a random oligonucleotide, an 
oligonucleotide encoding a CDR, eg rodent, is used, this 
would imprint that non-human CDR on the product synthetic 

15 human library. 
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1 A method of producing antibody polypeptide dimers 
specific for an antigen of interest, having the following 

steps : . . . 

(i) providing nucleic acid expression vectors which 

axe capable of being packaged using a component of a 
replicable genetic display package (rgdp); 

(ii) combining (a) a genetically diverse repertoire 
of nucleic acid sequences which each encode a first 
component part of an antigen-binding site of a human 
antibody with (b) nucleic acid which encodes a unique or 
genetically diverse population of a second component part 
of an antigen-binding site of a non-human antibody known to 
bind said antigen of interest, to form a library of nucleic 
acid sequences on said expression vectors encoding antibody 
polypeptide dimers, which dimers each consist of a first 
polypeptide chain component and a second polypeptide chain 
component, a first antigen-binding site component part and 
a second antigen-binding site component part in combination 
forming an antigen-binding site of an antibody polypeptide 
dimer; 

(iii) expressing said library from said vectors in 
recombinant host organism cells, each of the said first 
polypeptide chain components being expressed as a fusion 
with a component of an rgdp which thereby displays said 
first polypeptide chain component at the surface of rgdps; 

(iv) selecting from said expressed library by binding 
with antigen a unique or restricted population of said 
antibody polypeptide dimers which have binding specificity 
for said antigen of interest, each selected antibody 
polypeptide dimer being associated in its respective rgdp 
with nucleic acid encoding a said first component part of 
the antigen-binding site thereof. 

2. A method according to claim 1 wherein said antibody 
polypeptide dimers are expressed as soluble polypeptides 
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3. A method according to claim 1 or claim .2 wherein the 
sequence encoding each said second component part of non- 

5 human antibody is genetically altered to increase its 
homology to a second component part of a human antibody 
' prior to said combination in step ( ii ) . 

4. A method according to any one of the preceding claims 
10 having an additional step (v) wherein antibody polypeptide 

dimers selected in step (iv) are genetically altered to 
remove or reduce non-human characteristics. 

5. A method according to claim 4 wherein step (v) 
15 comprises: 

(a) combining a unique or restricted population of 
nucleic acid encoding said first antigen-binding site 
component parts selected in step (iv) with a genetically 
diverse repertoire of nucleic acid sequences each encoding 

20 a second component part of an antigen-binding site of human 
antibody, to form a second library of nucleic acid 
sequences encoding antibody polypeptide dimers, each 
antibody polypeptide dimer comprising a second antibody 
polypeptide chain component which is expressed from nucleic 

25 acid which is capable of being packaged using a component 
of an rgdp, said second chain component being expressed as 
a fusion with a component of an rgdp which thereby display 
it at the surface of rgdps, so that antibody polypeptide 
dimers specific for said antigen of interest, are 

30 selectable from said second library by binding with said 
antigen of interest, each antibody polypeptide dimer being 
associated in its rgdp with nucleic acid encoding a second, 
polypeptide component thereof. 

35 6. A method according to any one of the preceding claims 
wherein said second component part of an antigen-binding 
site of a non-human antibody is an antibody region which 
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20 
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30 



35 



makes contact with antigen. 

7. A method according to claim 6 wherein said region is a 
complementarity determining region (CDR). 

8 A method according to any one of claims 1 to 5 wherein 
said second component part of an antigen-binding site of a 
non-human antibody is a second polypeptide chain component 
of an antibody. 

9 a method according to any one of the preceding claims 
wherein each antibody polypeptide dimer of any of said 
libraries of antibody polypeptide dimers is expressed as a 
single polypeptide chain, preferably a scFv fragment. 

10. A method according to any one of claims 1 to 8 wherein 
each antibody polypeptide dimer of any of said libraries of 
antibody polypeptide dimers is expressed as two polypeptide 
chains, preferably as a Fv or a Fab fragment. 

11. A method of producing human antibody polypeptide dimers 
specific for an antigen of interest, comprising 

(i) combining a diverse population of polypeptides 
each comprising a variable domain of a first polypeptide 
chain of a human antibody (population A) with a unique or 
restricted population of polypeptides each comprising a 
variable domain of a second polypeptide chain of a non- 
human antibody specific for said antigen ( population B), 
thereby forming a library of antibody polypeptide dimers 
each consisting of a polypeptide which comprises a variable 
domain of a first polypeptide chain of a human antibody and 
a polypeptide which comprises a variable domain of a 
second polypeptide chain of a non-human antibody; 

(ii) selecting from said library a unique or 
restricted population of said antibody polypeptide dimers 
which have binding specificity for said antigen (population 
C); 
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(iii) combining a unique or restricted population of 
polypeptides derived from polypeptide dimers selected in 
step (ii) each comprising a human first polypeptide chain 
(population D) with a diverse population of polypeptides 
5 each comprising a variable domain of a second polypeptide 
chain of a human antibody (population E), thereby forming 
a library of human antibody polypeptide chain dimers from 
which a unique or restricted population of human antibody 
polypeptide dimers specific for said antigen (population F) 
10 are selectable • 

12. A method according to Claim 11 wherein: 

(a) said polypeptides of population A are each 
expressed from a vector (X) in recombinant host organism 

15 cells as a fusion with a component of a replicable genetic 
display package (rgdp) which thereby displays said 
polypeptide at the surface of rgdps in a first population 
of rgdps; 

(b) nucleic acid of said vector (X) is capable of 
20 being packaged using said rgdp component, whereby the 

genetic material of each said rgdp encodes a said 
polypeptide of population A, so that the antibody 
polypeptide dimers of population C are each associated in 
their respective rgdp with nucleic acid encoding a 
25 polypeptide comprising a variable domain of a first 
polypeptide chain of a human antibody; 

(c) each of said polypeptides of population E is 
expressed from a vector (Y) in recombinant host organism 
cells as a fusion with a component of a rgdp which thereby 

30 displays it at the surface of rgdps in a second population 
of rgdps; and 

(d) nucleic acid of said vector (Y) is capable of 
being packaged using said rgdp component, whereby the 
genetic material of each said rgdp in the second population 

35 of rgdps encodes a said polypeptide of population E. 

13. A method according to Claim 11 or Claim 12 wherein 



WO93/06213 PCT/G1B2/0175S 



5 



10 



15 



25 



30 



35 



90 



said population A is not expressed from the same vector as 
said population B; and said population D is not expressed 
from the same vector as said population E. 

14. a method according to Claim 11 or Claim 12 wherein 
said population A is expressed from the same vector as said 
population B; and said population D is expressed from the 
same vector as said population E. 

15 A method according to Claim 14 wherein each antibody 
polypeptide dimer of any of said libraries of antibody 
polypeptide dimers is expressed as a single polypeptide 
chain, preferably a scFv fragment 

16. A method according to any one of claims 11 to 14 
wherein each antibody polypeptide dimer of any of said 
libraries of antibody polypeptide dimers is expressed as 
two polypeptide chains, preferably a Fv or Fab fragment. 

20 17. A method according to Claim 11 or Claim 12 wherein 
polypeptides of said population B are chimaeric, each 
comprising a human antibody constant domain. 

18. A method according to Claim 11 or Claim 12 wherein the 
polypeptides of said population E each comprise region from 
a non-human antibody specific for said antigen, which 
region is one which makes contact with antigen. 



19. A method according to Claim 18 wherein said region is 
a complementarity determining region (CDR). 

20. A method according to Claim 19 wherein said CDR is 
CDR3. 

21. A method according to any one of claims 11 to 20 
wherein said first polypeptide chain is antibody light 
chain, said second polypeptide chain being antibody heavy 
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chain. 

22. A method according to any one of claims 11 to 21 
comprising an additional step of selecting said population 

5 F of human antibody polypeptide dimers specific for said 
antigen. 

23. A method according to any one of claims 11 to 22 
. wherein any one of said populations C and F is selected by 

10 binding with said antigen. 
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Phage ELISA on TNF or 301 -peptide 
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Fig. 7. 

Competition between 
Fab-Mab32 and scFv fragments 
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FigMii). 



Combining CDR-grafted heavy chains with 
selected light chains 
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Fig. 9. 

Humanizing rodent antibodies using combinatorial 
phage display libraries and CDR-grafting 
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Fig. U. 
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